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This concise survey of recent developments in (as well as pro- 
jected directions of) Soviet microbiology is divided into four 
major sections: 


I. 


Progress in General Microbiology, A. A. Imshenetskii 

A broad review which enables the Western scientist to 
see clearly the direction in which Soviet microbiologists 
are making their studies. 


Achievements of Soviet Microbiology in the Field of the 
Study of the Geological Activity of Microorganisms, 
S. 1. Kuznetsov 


In a field which has not been widely considered by 
Western scientists, this paper indicates great advances 
made in the USSR. The use of microorganisms in petro- 
leum research and recovery are discussed, as are Soviet 
efforts to classify precisely and map out geologic or 
ecologic microbiological strata as they occur in the geolo- 
gist’s scheme. This article summarizes Soviet research in- 
to the relationships of various groups of microorganisms 
to geological — petroleum — inorganic substrates environ- 
ments. 


Forty Years of Technical Microbiology in the USSR, 
V.N. Shaposhnikov, N. D. lerusalimskii, and 
I. L. Rabotnova 


Noteworthy in this paper (which deals with fermentation 
microbiology, acetone-butanol, organic acids, riboflavin, 
antibiotics, etc.) is Shaposhnikov’s description of dis- 
agreement in the USSR, as there has been in the West, 
on the biosynthesis of citric acid by various species of 
Aspergillis. 


Achievements in the Field of Soil Microbiology in the 
USSR, E. N. Mishustin 


Soviet research in this area places particular emphasis on 
rhizosphere, root nodule, and nitrogen-fixing bacteria, 
and on the relationship between higher plants and asso- 
ciated microorganisms. Special attention is given to 
Vinogradskii’s early description of auxotrophs and Kra- 
silnikov’s recent classification of actinomycetous micro- 
organisms. Some comment is made on methodology, 
especially microbial counts and selection techniques. 
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PHYSIOLOGY 


THE IMPORTANCE OF THE BALANCE OF HIGH~ENERGY COMPOUNDS 


IN THE ACTIVITY OF THE RESPIRATORY CENTER 


V. M. Karasik and S. V. Osipova 


Department of Pharmacology (Head —Active Member AMN SSSR V, M, Karasik), 
Leningrad Institute of Pediatric Medicine 

Translated from Byulleten’ Eksperimental ‘noi Biologii i Meditsiny Vol. 51, No. 4, 
pp. 3-7, April, 1961 

Original article submitted March 10, 1960 


The frog is an animal which stores air in its lung sacs, Pulmonary _ respiration in this animal is regulated 
by oxygen lack [13, 19] and not by accumulation of carbon dioxide; the latter is mainly eliminated via the skin 
{20}. When the animal is in a state of motor rest, the lung sacs are moderately filled with air, and the frog per- 
forms only oro-pharyngeal respiratory movements with the nares open and the vocal cleft closed, i. e., it ventilates 
the oro-pharyngeal cavity. When the frog is in anoxia,it develops a typical respiratory rhythm consisting of the 
periodic appearance of groups of respiratory movements, expanding and contracting the lungs. During the pauses 
betwen the groups of respiratory movements, the lungs remain inflated, and arterialization of the blood continues. 
The fact that this type of respiration is dependent upon anoxia was first established by the Czechoslovak physiolo- 
gist Babak (11, 12]. The pulmonary ventilation is considerably increased by this type of respiration [5], which de- 
velops when the grass frog is placed in an environment with a low partial pressure of oxygen [11], in hydrocyanic 
acid poisoning (5, 18] and in certain severe circulatory disturbances (clamping of the aorta, exsanguination of the 
animal, administration of poisons causing slowing or arrest of the heart [11]). This type of respiration also arises 
after curarization of the frog: in the stage preceding paralysis of the respiratory musculature, the oro-pharyngeal 
rhythm is replaced by periodic respiratory movements of the lungs, inflating the lung sacs (the amplitude of these 
movements remains very low under these circumstances); injection of proserine into the curarized animal leads 

‘to restoration of the respiration, characterized by periodic respiratory movements [7]}. 


Thus while the frog displays great tolerance to oxygen lack, the innervation of its pulmonary respiration is 
characterized by high sensitivity even to transient anoxia. 


Oxygen is utilized by the body during respiration for the formation of high-energy phosphorus compounds. 
It is therefore possible that anoxia causes dyspnea in the frog by disturbing the positive balance in the metabolism 
of high-energy compounds. 


We know of no such relationships in warm-blooded animals. Stimulation of respiration here arises by a re- 
flex mechanism from the chemoreceptors of the cartoid sinus under the influence of various factors: anoxia, and 
poisoning both by substances disturbing the utilization of oxygen by the tissues, e. g.,cyanides [16], azides [1], and 
by substances disturbing the phosphorylation associated with respiration, e. g.,dinitrophenol [21] and methylene 
blue [3} The mutual interaction of these factors, leading to disturbance of the positive balance in the metabol - 
ism of the high-energy compounds in the receptors of the carotid sinus, was examined by Belen‘kii [4]. 


EXPERIMENTAL METHOD AND RESULTS 


In this research an attempt was made to produce dyspnea in the frog (Rana temporaria) by poisoning it with 
a-dinitrophenol, a poison disturbing the respiration associated. with phosphorylation. Observations were made 
both on free animals and on animals fixed to an experimental board. In the latter case we recorded the respira - 

tory movements of the muscles of the floor of the mouth(after making a small incision in the skin the muscle fibers 
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Fig. 1. Recording of the movements of the floor of the mouthof 

a frog (experiment No, 30, April 1958, female frog weighing 42 g). 
a) Oro-pharyngeal respiration , occasionally interrupted by pul- 
monary respiratory movements. Periodic pulmonary respiration 
begins 1.5 minutes after the subcutaneous injection of &-dinitro- 
phenol (the solution was injected while the drum was rotating, the 
moment of injection being indicated by an arrow). In the pauses 
between the pulmonary groups the respiration is oro-pharyngeal, 
and in this case the oro- pharyngeal rhythm has a larger amplitude 
than normally; b) continuation of the experiment 7 minutes later. 
The periods of pulmonary respiration become more prolonged, and 
the staircase type of elevation is more marked, each pulmonary re- 
spiratory movement being stronger than that preceding it. Imme- 
diately after the last pulmonary respiration there is a short pause. 
The number of oro -pharylgeal respiratory movements heralding 
the pulmonary period becomes increasingly smaller. 

Key : bl = 0.2% DNP (~ 40 wg /g). 


were caught by the hook of a dried burdock bract; a thread passed from this bract to the recording lever). 


Experiments on 42 frogs showed that the subcutaneous injection of &-dinitrophenol, starting with a dose of 
5 ug/g body weight, approximately one quarter the lethal dose causes a dyspneic reaction similar to that which 
arises during anoxia or hydrocyanic acid poisoning (Fig. 1). 


With nonlethal doses of dinitrophenol this periodic respiration continued for many hours; the duration of the 
pauses gradually diminished, and between the groups of respiratory movements inflating the lungs, other respira - 
tory movements “ventilating” the lungs were interposed, and respiration became continuously pulmonary. 


During the respiratory rhythm of “ventilation” of the lungs, the pulmonary “polypnea” was more marked 
than during the periodic inflation of the lung sacs. The increase in pulmonary ventilation here is, however, pro- 
blematical, for what took place was simply the oscillation of the same volume of air without renewal, from the 
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lung sacs into the oro-pharyngeal cavity and vice versa. 
Babak [11] inclines to the view that in this type of respir- 
ation there is possibly some degree of renewal of the air 
in the lungs, because of incomplete closure of the mouth. 
He nevertheless considers that this variant of respiration is 
evidence of the considerable functional disturbance of the 
respiratory center, arising as a result of prolonged oxygen 
lack. In this way only that pulmonary polypnea which is 
characterized by the periodic inflation of the lung sacs 


Fig. 2. Recording of the movements of the frog's may be regarded as dyspnea leading to a significant in- 
mouth (continuation of experiment No. 30, record- crease in pulmonary ventilation. The rhythm of “venti- 
ing after 15 minutes). The groups of pulmonary re- _ lation” of the lung arising in stage 2 of dinitrophenol poi- 
spiratory movements are shortened, the pauses are soning was not observed in cyanide poisoning. 


much longer, and before respiration ceases it be- 


ce With lethal doses of dinitrophenol, instead of the 
comes gasping in character. 


onset of a rhythm of “ventilation” of the lung, there was 
a shortening of the groups of pulmonary respirations inflating the lungs, the pauses became lengthened (Fig. 2) 
and, finally, the respiratory movements ceased altogether. 


The experimental findings enable two fundamental problems to be analyzed: 1) the reflex or centrogenic 
nature of the dyspnea caused in frogs by anoxia or poisoning by cyanide or dinitrophenol, and 2) the biochemical 
mechanism of development of the dyspneic reaction. The work of Karasik [5, 6] has shown that hydrocyanic acid 
causes a dyspneic reaction in Rana temporaria even after division of the glossopharyngeal nerve, and on this basis 
he denies that a reflex from the carotid bodies plays any part in its production. The reaction also took place af- 
ter vagotomy, and therefore the dyspneic reaction evidently does not depend upon a reflex from the surface of the 
lung. A few years ago, however, after painting the carotid bodies in Rana esculenta with phenol, Smyth [22] did 
not observe dyspnea in the animal when it was placed in an atmosphere of nitrogen, and he concluded from his 
observations that the reflex regulation of respiration in warm-blooded animals and amphibians was similar. 


The importance of the chemoreceptive vascular zones in the regulation of respiration in amphibians was 
stressed by Kravchinskii [9]. In experiments on Rana ridibunda, carried out in the climatic conditions of the south 
(Samarkand and Sochi), at a “high temperature and with bright illumination ," he observed that vagotomy above 
the branching of the long laryngeal nerves, and division of these nerves or division of the aortic nerve, which he 
identified, led to the rapid (in the course of a few minutes) paralysis of respiration and to the subsequent areflex - 
ia of the frogs (he did not observe this phenomenon in experiments on Rana temporaria in Leningrad). Painting 
the trunk and bifurcation of the aorta with solutions of nicotine or potassium cyanide caused “strengthening and 
quickening of respiration" (in accordance with the high sensitivity of the aortic reflexogenic zone to these chem- 
ical agents Kravchinskii compares it to the aortic and carotid sinus zones in mammals). 


The strengthening and quickening of respiration cannot, however, be regarded as a dyspneic reaction in 
the frog. This reaction, as we have pointed out above, is characterized by periodically developing groups of re- 
spiratory movements inflating the lung sacs, and although these movements become stronger, their total number 
is smaller than normally when frequent oro-pharyngeal respiratory movements are predominant. 


Particular attention should be paid to the experiments with nicotine. In a paper by Karasik [6] an exami- 
nation is made of the inaccuracies repeatedly arising in the work of several authors in their attempts to use drugs 
(tor example lobeline), which can be used as "respiratory analeptics" in mammals, for the “stimulation” of re- 
spiration in the frog. These misconceptions have arisen as a result of the identification of physiological processes 
which differ very considerably in these animals, as a result of the inadequate differentiation between oro-pharyn- 
geal and pulmonary respiratory movements, as a result of inadequate regard for the physiological role of the pe- 
riodic activity of the lungs as a dyspneic reaction, and so on. According to Karasik's findings, lobeline does not 
cause a dyspneic reaction inthe frog (Rana temporaria); it can hardly be expected, therefore, that such a reaction 
will arise under the influence of nicotine (provided, of course, that the slowing or arrest of the cardiac contrac- 
tions and the associated oxygen lack are prevented). The same remarks apply to the experiments of Boelaert [14], 
using nicotine and lobeline. 


Smyth's experiments were repeated by Belen’kii [2]. Initially, in agreement with Smyth, Belen'kii did not 
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observe dyspnea when cyanides were administered to Rana temporaria in which the carotid bodies had preliminar- 
ily been painted with phenol. As the techniques improved, however, he began to obtain positive results: dyspnea 
developed after both painting the carotid bodies with phenol and resectingthem. Belen'kii reached the same con- 
clusions as Karasik, and explained Smyth's negative findings by the fact that the experimental animal was in a 
very poor condition after undergoing the operative and chemical trauma (it was incapable of reacting with a dys- 
pneic reaction to the injection of cyanides). 


Since these different authors had carried out their experiments on different species of the genus Rana, at 
different seasons of the year and under different climatic conditions, and had not always taken into consideration 
the physiological peculiarities of the frog's respiration, the problem of the presence of vascular reflexogenic zones 
in this genus of frogs, taking part in the regulation of respiration and in the development of dyspnea, cannot yet 
be regarded as solved. At this point we must mention the work of Boelaert [14], who showed that in reptiles (Lacer- 
ta ocellata) anoxia, cyanide poisoning and also lobeline and nicotine poisoning are accompanied by the develop- 
ment of dyspnea even after denervation of the vascular zones homologous with the carotid sinus and the cardio- 
aortic zone in mammals. In Boelaert's opinion this dyspnea is centrogenic in nature. 


The discussion of the second problem must begin with the recollection that until recently the prevailing 
opinion was of the dominant role of acid products of metabolism in the regulation of respiration (the history of 
this problem is described in detail in the monograph of Cordier and Heymans [15]). The importance of pH changes 
in the respiratory center toits excitation was defended for a long time by Winterstein, and this opinion has been 
held by some writers [23] until the present time, among them some who have studied the influence of a-dinitro- 
phenol on the respiration of warm-blooded animals [24]. Subsequently Winterstein localized the development of 
the respiratory excitation as depending on a change of pH in the carotid sinus and not in the center (cited by Hey- 
mans [17}). 


This theory, however, still fails to explain how the acid products appearing during anoxia (or the change in 
pH) affect the excitable structure. It has been known for the last two decades that all vital processes which have 
been adequately studied from the biochemical point of view are brought about by energy accumulated in high- 
-energy compounds, and in discussing the present problem this fact must be taken into consideration. A decisive 
step in its development was the discovery by Lyubimova and Engel ''gardt [10] that the contractile properties of 
myosin are indissolubly connected with its adenosinetriphosphatase capacity. 


As a result of the analysis of the experimental evidence showing that poisons affecting the associated phos- 
phorylation (dinitrophenol, methylene blue, gramicidin, monobromoacetate, etc.) cause a sharp increase in the 
strength and frequency of contraction of skeletal muscle caused by guanidine, one of us [8] suggested that the ex- 
citable protein of the neuromuscular synapse is itself a high-energy compound, and that excitation is character - 
ized by the breakdown of its high-energy bonds. The same suggestion may be made with regard to the dyspneic 
excitation caused by anoxia or by poisoning with cyanides and dinitrophenol. 


SUMMARY 


Poisoning of Rana temporaria with alpha dinitrophenol provokes periodic pulmonary respiration characteristic Ve 
of dyspnea in this animal. The mechanism governing the appearance of this reaction is connected with the dis- 
turbed balance of high-energy compounds, The question of its reflex or centrogenic nature is discussed. 
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EFFERENT NERVES OF THE TRANSPLANTED REINNERVATED KIDNEY® 
A. A. Lebedev 


From the Department of Pharmacology (Head —Prof. G. M. Shpuga) of the Ivanovskii 
Medical Institute 

(Presented by Academician V. N. Chernigovskii) 

Translated from Byulleten’ Eksperimental ‘noi Biologii i Meditsiny Vol. 51, No. 4, 
pp. 8-12, April, 1961 

Original article submitted April 11, 1960 


In previous investigations we showed that with anastomosis of the central end of the vagus to the peripheral 
ends of nerves from the transplanted kidney the afferent innervation of this organ is reestablished (6, 7]. In asso- 
ciation with various types of stimulation to the interoceptors of the transplanted reinnervated kidney, reflex reac - 
tions are observed which are characteristic of the vagal center (coughing, vomiting, changes in the amplitude and 
rhythm of the respiratory movements). We had no facts available to show the restoration of efferent innervation 
under the conditions of the indicated anastomosis. 


The central ena ot the vagus has been used many times by investigators for anastomosis with the peripheral 
ends of various nerves, thus obtaining the restoration of the organ's efferent innervation. The vagus is not only 
composed of preganglionic cholinergic fibers, but also afferent fibers and postganglionic fibers of the sympathetic 
system. The latter enter the trunk of the vagus from the superior cervical sympathetic ganglion and travel in a 
descending direction [4]. 


Innervation of the intact kidney consists principally of postganglionic sympathetic fibers, and thus it can 
hardly be doubted that the postganglionic sympathetic fibers entering into the composition of the vagus can regen- 
erate tn the postganglionic fibers of the transplanted kidney, since in this case we are dealing with regeneration 
of nerves belonging to the same system. On the cther hand, despite the negative results of Langley and Anderson's 
experiments [10], a number of investigators have shown that preganglionic (cholinergic) fibers can regenerate in 
the postganglionic fibers of the sympathetic system (adrenergic) and reestablish functional connections. 


Thus, the data in the literature clearly show that under the condiuons of anastomosis between the n. vagus 
and the nn. renales there exists the necessary conditions for restoration of the efferent innervation of the trans- 
planted kidney. 


EXPERIMENTAL METHOD 


In 4 experimental days we performed autotransplantation of the right kidney to the neck, joining the renal 
vessels to the carotid artery and jugular vein. During the operation the central end of the vagus was sutured to 
the peripheral ends of the nerves from the transplanted kidney. The discharging end of the ureter from the trans- 
planted kidney was led out onto the skin of the chest, while the mouth of the ureter from the intact kidney was 
brough out onto the skin of the abdomen. 

The experiments were begun no earlier than 4-6 months after transplantation of the kidney, when regenera - 
tion of the afferent fibers was already apparent. Usually within 1-2 months after the transplantation gentle mas- 
saging of the transplanted reinnervated kidney caused coughing. It could be expected that in the aforementioned 
interval (4-6 months) the regeneration of the efferent fibers would also occur. 

To clarify the role of the efferent nerves in the function of the transplanted reinnervated kidney it was de- 
cided to study the changes in urinary output from this kidney during stimulation of the anastomosed vagus with an 
induction current. 


* Presented at the 9th All-Union Congress of Physiologists, Biochemists, and Pharmacologists (Minsk, 1959). 
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In order to exclude the generation of afferent impulses in this case, which could distort the results of the ex- 
periment, we transected the anastomosed vagus and stimulated its peripheral portion with the induction current, 
Thus, changes in urinary output from the transplanted kidney could only be a result of impingement of efferent 
impulses on the functional elements of the transplanted reinnervated kidney, via the anastomosed nerve. 
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Fig. 1. Change in diuresis(a), clearance(b) 
and the concentration index(c) of endogen - 
ous creatinine in the transplanted kidney dur - 
ing stimulation of the peripheral portion of the 
anastomosed vagus by induction current. Ex - 
perimenton the dog, Dezi, July 30, 1958. 

1) Transplanted kidney; 2) intact kidney. 
Arrows indicate the beginning and end of stim - 
ulation. 


The right 


diuresis, ml/min 


i ate 
time, min 


V/min 


m 


S 


clearance, 


§ BSE BRE BSS 
time, min 


time, min 


concentration index 


Fig. 2. Change in diuresis (a), clearance 
(b) and the contentration index (c) of in- 
ulin in the transplanted reinnervated kid - 
ney during stimulation of the peripheral 
portion of the anastomosed vagus by in- 
duction current. Experiment on the dog, 
Avve, April 22, 1959. Symbols the same 
as in Fig, 1, 


anastomosed vagus was transected under local anaesthesia, as far as possible cranially. Its peri- 


pheral portion was taken in a ligature and conducted under the skin of the dog's neck; skin sutures were applied. 
On the 2nd day following the transection we removed 2-3 of the skin sutures, the vagus was aseptically drawn out 
to the surface, and we stimulated the nerve with silver electrodes, using induction current froma sliding coil. In 
some of the experiments we employed stimulation with a current frequency of 5 imp/sec. Inothers, stimulation 
was performed with frequent impulses (through an electromagnetic contact breaker on the sliding coil). In all the 
experiments the stimulation was continued for 10 minutes intermittently: 1 minute of stimulation -1 minute of 
rest, and soon. The urine was collected separately from the two kidneys at five-minute intervals. We stimulat- 
ed the nerve in the setting of a water diuresis, caused by the introduction of water into the dog's stomach (50 ml 
per kg of body weight). The functioning of the kidney was studied by the method of endogenous creatinine, and 


also by the inulin method. 
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EXPERIMENTAL RESULTS 


In all 4 of the experimental dogs stimulation of the peripheral end of the anastomosed vagus caused inhibi - 
tion of the urinary output from the transplanted reinnervated kidney, while the diuresis from the intact kidney re- 
mained unchanged (Fig. 1, a and Fig. 2, a). Inhibition of the urinary output already began in the first five-minute 
interval following initiation of the nerve stimulation; in the second five-minute interval the decrease in urinary 
output became even greater. After termination of the stimulation the urinary output returned to the original level 
in the very next five-minute interval. 


Urinary output from the intact kidney did not change during stimulation of the anastomosed vagus; thus, we 
concluded that the reduction in urinary output from the transplanted reinnervated kidney was a result of the flow 
of efferent impulses along the anastomosed vagus to the functional elements of the transplanted kidney. The char- 
acter of the reaction, i.e.,the rapid onset of diuresis inhibition and the quick return to the original level upon term - 
ination of the stimulation all support this conclusion. 


Inhibition of the urinary output was observed most clearly in the course of the first 2-3 days after transection 
of the vagus; then stimulation of the anastomosed vagus yielded a progressively weaker effect, and usually, by the 
4th-8th day, stimulation no longer caused a change in urinary output. This can be explained by a degeneration 
of the nerve fibers following transection of the vagus. In the dog Dezi, stimulation of the vagus caused the most 
sharply defined effect, which only disappeared on the 8th day; the least clear effect was observed inthedog Zhulik. 


Despite the varying rate of the impulses and the different distance of the coils in the apparatus, employed 
for the stimulation of the vagus in the separate experiments, we observed only the one effect —inhibition of the 
urinary output. 


It was of interest to study the change in the filtration-reabsorption function of the kidneys under the influence 
of stimulation to the anastomosed vagus. 


The data on the changes in filtration for endogenous creatinine are presented in Fig. 1b, and for inulin, in 
Fig. 2b. The absolute figures for filtration of creatinine were lower than those determined by the inulin method, 
but the changes were comparable in both methods. 


Stimulation of the anastomosed vagus caused a reduction in filtration even in the first five-minute interval 
after the initiation of the stimulation. In the second five-minute interval the filtration rate in some of the trials 
remained at the same level as in the first five-minute interval (see Fig. 1b), while in other trials the reduction in 
filtration became even greater (see Fig. 2b). Immediately upon termination of the stimulation the filtration rose 
to, sometimes even exceeded, the initial level (see Fig. 2b). 


The change in the concentration index for endogenous creatinine is presented in Fig. 1c, and for inulin, in 
Fig. 2c, in response to stimulation of the anastomosed vagus. In both experiments the concentration index of the 
indicated substances increased markedly, which testifies to an intensification of the filtrate reabsorption in the 
renal tubules. 


In all the experiments that we performed the maximum increase in reabsorption was oniy observed in the 
second five-minute interval after initiation of vagal stimulation, and in the experiment on the dog, Peri, the max- 
imum increase in reabsorption occurred only after termination of vagal stimulation. In the first five-minute.inter- 
val the concentration indices for the indicated substances either remained unchanged (see Fig. 1c) or increased 
insignificantly (see Fig. 2c). Analyzing the changes in diuresis, filtration, and water reabsorption under the influ - 
ence of stimulation of the anastomosed vagus, it can be noted that while in the first five-minute interval after in- 
itiation of vagal stimulation the diuresis primarily alters by means of a decrease in filtration, in the second five- 
-minute interval importance in the mechanism of the observed oliguria is already shifted to the intensification in 
reabsorption in the tubules. 


It must be noted that the experiment on the dog, Dezi, (see Fig. 1) was performed on the 2nd day after tran- 
section of the vagus, and the experiment on the dog, Avve, (see Fig. 2) was done on the 3rd day after transection 
i.e., both experiments were carried out with the most preserved vagus, the latter not yet having undergone degen - 
eration. In other experiments, at later periods after the transection, we observed a comparable picture of changes 
in diuresis in response to stimulation of the nerve, but the diuresis was lessened by a reduction in filtration, and 
reabsorption remained almost unelevated. At still later intervals, when stimulation of the nerve no longer caused 
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changes in the diuresis, filtration and reabsorption also remained unchanged. There was a definite relationship 
between the changes in filtration and reabsorption: the more filtration was reduced, the greater the reabsorption 
of water. With a small! decrease in filtration the reabsorption did not increase. 


The experiments performed unquestionably show that the efferent fibers entering into the composition of 
the Vagus grew into the parenchyma of the transplanted reinnervated kidney and are capable of influencing both 
the functioning of the renal vascular apparatus (glomerular filtration) and the functioning of the tubules (water 
reabsorption). 


It is interesting to compare the results obtained with the data of investigators who studied the effect on uri - 
nary output of stimulating the efferent nerves of the intact kidney. Thus, for example, Study and Shipley [11] 
showed that stimulation of the efferent nerves of the kidney under strict experimental conditions causes a lowering 
of the filtration rate as determined by inulin, and of the renal blood flow as determined by diodrast. Lowering of 
the filtration to the zero point was observed by A. G. Ginetsinskii and co-workers [2] with stimulation of the ef- 
ferent renal nerves under long-term experimental conditions. In our experiments stimulation of the anastomosed 
vagus also led to reduction in filtration. In addition, an increase in water reabsorption in the renal tubules was 
observed in our experiments under the influence of stimulation of the efferent fibers in the anastomosed Vagus. 
Comparable results were obtained by A. G. Ginetsinskii and co-workers [2], stimulating the efferent nerves of the 
intact kidney. 


Thus, despite the fact that the transplanted kidney acquired new efferent innervation, normally not charac - 
teristic for the organ,the effect of stimulating the anastomosed vagus was the same as with stimulation of the ef- 
ferent nerves of the intact kidney. In other words, in our experiments we obtained support for the fact that has 
been established a number of times by many investigators: the function of a nerve is determined by its ending. 
No matter which nerves approach the nerve endings as a result of anastomosis, they always adopt those terminal 
synaptic forms which are characteristic for the given tissue (1, 3, 5, 12}. 


The filtration mechanism plays a decisive role in altering the diuresis during stimulation of the efferent 
nerves to the transplanted reinnervated kidney. The reabsorption mechanism is often involved later than the fil- 
tration process, and causes an even greater inhibition of the diuresis. 


SUMMARY 


A dog's kidney was transplanted to the neck and the central end of the vagus was joined to the peripheral end 
of the nerves of this kidney. In 4-6 months, stimulation of the peripheral end of the anastomosed nerve by an induc- 
tion current reduced diuresis in the transplanted kidney without producing any effect on the function of the intact kid- 
ney. Diminished diuresis was due to a drop of filtration and partially to intensified reabsorption. 
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Thermoregulation in bats has certain important peculiarities which separate these interesting animals from 
other mammals. The body temperature of bats, excepting in periods of activity, approaches the temperature of 
the medium, therefore some investigators referred to them aspoikilothermic organisms [17, 11 and others]. How- 
ever, as shown for the first time by A. D. Slonim [5], rather intensive chemical thermoregulation is noted in bats 
for a definite temperature range during the wakeful period. This was recently confirmed by Hanus [9]. The phe:- 
nomenon of “warming” after winter hibernation or the daily diurnal “torpor” serve as important evidence of the 
existence of a physiological regulation of thermoproduction in bats. In this, the animal's body temperature is 
raised rapidly, having apparently no precedents. According to the data of Eisentraut [7], this rate attains 1.6° 
after one minute. A. D. Slonim was successful in showing that under the animals’ daily living conditions the 
“warming” has a complex reflex nature and is under control of the central nervous system. The present work is 
devoted to a study of the physiological mechanism of this interesting phenomenon. 


We investigated the electrical activity of the skeletal muscles of bats at complete rest. In homoiothermic 
animals and humans the defined level of bioelectrical activity of “quiescent” muscles is called thermoregulation 
tone. A reinforcement or relaxation of the thermoregulation tone coincides with corresponding changes in the 
level of thermoproduction and plays, evidently, a significant role in chemical thermoregualtion (3,6, 8 and others). 


EXPERIMENTAL METHODS 


No special device was needed in order to provoke the phenomenon of “warming” in bats. The removal it- 
self of the animals from their individual cages, where they were in a state of winter hibernation, and the act of 
fastening them immediately initiated this reaction. 


In the laboratory the bats were maintained at 5-10°. The experiments were conducted at room tempera - 
tures of 13-18". 


The animals were fastened to wooden plates by strips of sticking-plaster. Thin steel electrodes are placed 
into the most powerful pectoral muscles (space between electrodes 4-6 mm). The biocurrents were recorded on 
a recording oscillograph MPO-2 with anamplifier. In a series of experiments electrocardiograms were also regis- 
tered on the oscillograph. For measuring body temperature a special thin thermistor, which served as the arm of 
the Wheatstone Bridge was inserted into the animals’ rectum. On the diagonal the bridge contained a specially 
calibrated, highly sensitive microampere recorder. Such an apparatus enabled us to measure, and at the same 
time record,the body temeprature on an oscillogram. 


A total of 12 animals yielded 21 experiments. All animals (9 long-eared and 3 night bats) were captured 
in caves in the neighborhood of Leningrad, where they were in a state of hibernation, during February-March, 
1960. The weight of the bats was 4-6 g. 
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RESULTS 


In the sum of experiments conducted we fcund that the “warming” reaction in bats depends upon the gener - 
al state of the animals and the preceding condit:ons of confinement. Animals delivered to the laboratory on the 
first or second day were distinguished by an extremely intensive "warming™ reaction. Their body temperature rose 
rapidly, equalling, on the average, 0.7 to 1.5° after one minute, increasing after 10-20 minutes from 8-15 to 29- 
-32°. At the start of the experiment the body temperature of the animals always exceeded by several degrees the 
temperature of the surrounding medium in which they were maintained prior to the experiment. This can be ex- 
plained by the fact that the fastening of the bats, appearing to be the basic stimulus, provoked the “warming”, 
lasting for 3-4 minutes, during’which the initial increase in thermoproduction originated. The intensive "warm- 
ing” reaction is always accompanied by extremely high electrical activity of the muscles (Fig. 1). 


| 500 pv 


QS sec 


Fig. 1. Changes in the thermoregulation tone and body temperature in bats during 
intensive “warming”. Room temperature 18°. a) Nine minutes from the beginning 
of “warming”: high thermoregulation tone corresponds to a rapid rise in body tem- 
perature; the significance of the curves (top to bottom): temperature, line with hor - 
izontal mark, electrical activity of the muscle (read from left to right); a) Nine 
minutes from the beginning of “warming”; thermoregulation tone at the high speed 
of the (ribbon-recording) mechanism; b) Seventeen minutes from the beginning of 
“warming”: thermoregulation tone is absent, the temperature is maintained at the 
attained level (30.2°); the significance of the curves is the same; b,) Seventeen 
minutes form the beginning of “warming”; thermoregulation tone at the high speed 
of the (ribbon-recording) mechanism; c) Twenty-six minutes from the beginning 
of "warming": the influence of muscle movement on the body temperature in the 
absence of thermoregulation tone; significance of the curves is the same. 


This electrical activity with a frequency of 150-300 cps and an intensity of separate peaks to 200-400 
Hv was not related to any kind of muscularcontractien. This kind of electromyogram, which retained a uniform 
character throughout all experiments, speaks for itself, while in voluntary muscle contractions short flashes of po- 
tential of higher voltage are superimposed on this background. Typical cooling trembling also appears in the form 
of periodically ensuing flashes of amplified electrical activity on a background of more or less pronounced ther - 
moregulation tone, which was shown by us earlier [3]. 


Thus, the constant electrical activity of the muscles in bats at complete rest has a character of thermoregu - 
lation tone with relatively high voltage potentials. The cause of this phenomenon may lie in the high frequency 
asynchronous fibrillization of separate muscle fibers, which does not cause appreciable muscle contraction, but is 
accompanied by significant increases in metabolism. According to the data of Eisentraut [7], the oxygen consum - 
ption in bats during the period of "warming™ can increase in comparison to the state of “torpor” by.a hundred fold. 
A greater frequency of heart beat and breathing movements correspond to this. In our experiments heart beat in 
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Record of Experiment No. 18, March 19,1960, Temperature at which the Animals Were 
Maintained Prior to the Experiment Was 10°. The Temperature in the Experimental Room 
Was 18° The Weight of the Animals Was 4.5 g. 


FrequencyjFrequency 


(I) Thermoregulation tone — of breathing 


minute |per min 


11 hours 45 min High thermoregulation tone 
11 hours 51 min High thermoregulation tone 
11 hours 53 min High thermoregulation tone 
11 hours 57 min Marked relaxation 
11 hours 59 min Thermoregulation tone absent. Strong 
motor anxiety 
12 hours 02 min Thermoregulation tone absent 
12 hours 04 min Thermoregulation tone absent 
12 hours 10 min Thermoregulation tone absent 
12 hours 13 min Thermoregulation tone absent 
12 hours 15 min Weak thermoregulation tone 
12 hours 17 min Weak thermoregulation tone 
12 hours 19 min Weak thermoregulation tone 
12 hours 30 min Thermoregulation tone absent 


Fig. 2. Body temperature of bats at the absence of thermoregulation 
tone. Room temperature 16°. a) Five minutes after fastening: thermo- 
regulation tone is absent; b) Thirty minutes after fastening: thermo - 
regulation tone absent (electrocardiogram is seen); body temperature 
closely corresponds to the outside temperature (read from right to left; 
in the rest the significance of the curves is the same as on Fig. 1). 


bats at “warming” increased their frequency to 500-800 per minute, and breathing movements to 250-300 per min- 
ute. 


Thermoregulation tone reaches its maximum almost at the very beginning of the observed “warming” pro- 
cess and continues until that time when the rectal temperature is 29-32°. At this moment the thermoregulation 
tone very rapidly, as though suddenly, disappears. Simultaneously with this the body temperature stops rising. For 
some time it stays at the attained level,and then begins to decrease. A strong motor anxiety, usually ensuing in 
the animals at that moment, prevents their rapid cooling (see Fig. 1); however during the fastening of the animals 
the corresponding effect is shown, apparently, to be insufficient, and the body temperature of the bats continues 


to drop slowly. These correlations, which were observed in 10 experiments on 10 animals, are illustrated in Fig. 
l,and for a record of one of these experiments see the table. 
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If we attempt to provoke the “warming” reaction in those same animals a second time 1-2 days after the 
first experiment, we get another picture. At the repetition of “warming” the thermoregulation tone is shown to 
be very low, not uniform and practically completely absent. Correspondingly, the animal's body temperature rises 
very slowly, exceeding in the final analysis the temperature of the medium by a total of several degrees. At the 
complete absence of thermoregulation tone the body temperature can remain at almost the level of the outside 
temperature (Fig. 2). We also observed a similar pattern in two bats delivered to the laboratory after repeated 
“warming” phenomena during transportation. At the absence of thermoregulation tone there was a considerably 
lower frequency of heart beats (150-330 per minute) and breathing movements (20-6) per minute). 


Inasmuch as a rapid “warming” in animals always is combined with intensive thermoregulation tone of the 
muscles, and the absence of this reaction or its very slow course coincide’ with the absence or extreme relaxation 
of the corresponding electrical phenomena, it seems possible to us to consider themoregulation tone as one of the 


most important physiological mechanism of increasing thermoproduction in the organism during the period of "warm- 


ing” in bats. The considerable intensiveness of thermoregulation tone at this moment is related, evidently, to a 
high level of metabolism. The turning off of thermoregulation tone after the attainment of a body temperature 
of 29-32° can be explained by the fact that at this temperature the bats are able to fly (which we observed in our 
experiments) and, consequently, to maintain their body temperature by active muscular contractions. 


Thus, to a definite period of vital activity of animals corresponds, one can assume, a definite mechanism 
of thermoregulation. The “warming” reaction itself is accompanied by a considerable expenditure of energy re- 
serves. It is possible that the absence of thermoregulation tone at a repeated attempt to arouse the “warming” re- 
action is explained by the fact that the corresponding reserves were, to a considerable extent, exhausted. 


It is well known that a reduction in blood sugars leads to a disturbance in the thermoproduction processes 
and the disappearance of muscular shivering [2]. As was shown earlier by N. A. Arkhangel'skaya and others [1], 
in bats the “warming” phenomenon correlates with the blood sugar content. In contrast to laboratory conditions, 
in nature bats begin to fly immediately after “warming” and make up for their loss of energy by feeding (catch- 
ing insects). The latter has important significance, since bats are relatively small animals and for the mainten- 
ance of homiothermism they require very intensive feedings. It is well known, for example, that in homiother- 
mic animals 3-4 g in weight (some birds, rodents) the quantity of food consumed in one day approximately equals 
their body weight {10}. Therefore homoiothermism in bats is most pronounced only in flight when the animals 
are feeding. The motionless state, even forced, as we observed, ultimately leads to a gradual cooling of their 
bodies. This, however, is not a sign of poikilothermism but rather a characteristic of small homoiothermic ani- 
mals, since an analagous pattern is observed, for example, in small species of humming birds and some other 
birds (literature cited by N. I. Kalabukhov [4] and Eisentraut [8]). “Warming” in this sense plays quite a special 
role, enabling the animal to transform from a state of “torpor” to active work in the shortest possible time. 


In conclusion we express our deep gratitude to P. P. Strelkov for assistance in the fulfillment of the present 


work, 
SUMMARY 


In bats, intensive “warming” of the body after hibernation is associated with a high electric activity of the 
skeletal muscles during complete rest of the animal (thermoregulation tone), It is concluded that the "thermo- 
regulation tone” is an important source of sharply increased thermoproduction during this period, 
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MOVEMENT OF THE ANIMAL 


V. I. Syrensky 


I, P. Pavlov Department of Physiology (Head ~ Active Member AMN SSSR 

P. S, Kupalov), Institute of Experimental Medicine (Director — Corresponding Member 
AMN SSSR Prof, D. A. Biryukov), AMN SSSR, Leningrad 

(Presented by Active Member AMN SSSR P. S, Kupalov) 

Translated from Byulletert Eksperimentat ‘noi Biologii i Meditsiny Vol. 51, No. 4, 
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The school of I, P. Pavlov has established that differentiation of conditioning stimuli is possible on the basis 
of two mechanisms ~internal inhibition [5] and the excitation process concentration [4, 7]. Both of these mech- 
anisms were discovered by secretory and electrodefensive methods. It was shown, that in these cases differentia - 
tion of a major part of the conditioning stimuli was accomplished by the animal without difficulty. 


Differentiation of conditioning stimuli under conditions of free movement of the animal was learned later. 
It was shown by the experiments of P. S. Kupalov (3, 4), begun in 1942, and M. I. Emchenko [1], that the forma - 
tion of inhibited differentiation of the frequency of the ticks of a metronome is possible. E. S. Tolmasskaya [6] 
established, that the differentiation of two tones on the basis of the excitation process concentration, when one 
sound was a signal to food on one end of the table, and another sound—on the other, was shown to be an insurmount- 
able problem for dogs. 


On the basis of these works one can propose that the difficulty in the differentiation in the latter case was 
caused by the necessity of the formation of two distinct motor conditioned reflexes on the basis of one and the 
same unconditioned stimulus. 


While studying the higher nervous activities of dogs with the aid of the method of situational conditioned 
reflexes [2], we also met with difficulty in the differentiation of sound stimuli when one metronome frequency 
(60 beats per minute) was reinforced with food on one table, and another frequency (120 beats per minute) — on 
another table. In this report an attempt is made to approach the analysis of this phenomenon. 


EXPERIMENTAL METHODS 


The experiments were conducted in a large room where the conditioned reflexed feeding -motor -activity 
was formed. The basic elements of this activity consisted of the following. The animal stood on a rug in a fixed 
place in the room; following this we turned on the sound conditioning stimulus ~ sound of different frequencies be- 
ing emitted from an electrometronome. At the start a motor conditioned reflex was formed at one frequency(60 

or 120 beats per minute) in the form of the dogs gaiting and jumping on one table. After this reflex was strength- 
ened, we shifted towards the formation of a conditioned reflex to another frequency (120 or 60 beats per minute) 

with gaiting towards another table. Electrical contacts located on the rug and tables and combined with the feed - 


ing system, made it possible to record on a rymograph the latent period and the elapse rate of the motor response. 
The investigation was carried out on three dogs. 


RESULTS 


In all the dogs the differentiation of frequencies of 60 and 120 beats per minute occurred with great diffi - 


g culty. Often the animals, after application of two-three conditioning stimuli began to whine, bark and retire to 
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TABLE 1 
Record of an Experiment from May 22, 1959 (the dog Una) 


Number of | Response; 


beats per + correct, 


minute (con diti 
tioned - 
ditioning sti Character of conditio wrong 


mulus by the response 
metronome 


to left table 
» right 
left 


Ll 


» 
» 
» 
» 
» 
» 
» 


TABLE 2 
Record of an Experiment, June 16, 1959 (the dog Una) 


Number of 


eriod time correct, 
P Character of the conditioned response 
—wrong. 


Num- 
ber of 


stimulus by 
1.0 


listens, runs 
moved off rug, stopped, moved further 
listens, runs 
listens, runs 
listens, goes, stops, resumes movement 
listens, runs 
listens, runs 
listens, runs 


the door. In connection with this in some cases the experiment had to be discontinued. In spite of the greatnum- 
ber of times the conditioned stimuli were applied (more than 100 times), a stable differentiation was not achieved. 
The percentage of errors made by all the dogs was great (50-70). For an illustration of what has been stated we 
cite a record of an experiment (Table 1). 


As is evident from the record of an experiment, a differentiation of frequencies of 120 and 60 beat per 
minute is absent. This fact was unexpected and difficult for us to understand. The point is, that the formation 
of motor conditioned reflexes, when tone was reinforced with food on one table, and with the metronome at 120 
beats per minute — on the other, proceeded easily in our investigations. Under such conditions V. V. Yakovlevoy 
succeeded in forming in one dog four motor conditioned reflexes on one table and four—on the other. For condi- 
tioning signals they used such stimuli as tone, a metronome, ringing, etc. On the other hand, it is well known that 
the formation of inhibited differentiations at metronome frequencies of 60-120 beats per minute under room con- 
ditions, as a rule, does not cause difficulty. All of these aspects give us a basis to assume that the cause of the 
difficulty of differentiation of frequencies of 60-120 beats per minute in the given conditions must be looked for 
in the structure of the sound stimuli and in the peculiarities of formation of motor conditioned reflexes to different 
tables. The graphic record of the motor responses on the kymograph enabled us to analyze the facts obtained. 


An analysis of the kymograph showed that the latent period of motor conditioned responses (i.e.,the time 
from the moment of inclusion of the conditioning stimulus to the beginning of the motor act) fluctuated within 
0.1-0.5 seconds. The rate of gaiting equalled on the average 2 m/sec. Consequently, to calculate the true re- 
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TABLE 3 
Record of an Experiment, August 12, 1959 (the dog Una) 
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sponse of the animal at frequencies of 120 and 60 beats per min was hardly possible since the time interval bet- 
ween the sound at a frequency of 60 beat per min equalled 1 sec and at a frequency of 120 beats per min - 0.5 
sec, i.e.,it was longer than the maximal quantity of the latent period of the motor response. 


In connection with this, at these frequencies the process of distinction of the conditioning stimuli must ac- 
tually occur after the motor response begins to be fulfilled, i.e., when the animal runs to the table. 


The following fact serves as an example. In the operation of the metronome at 60 beats per min the ani- 
mal begins movement immediately after the first sound, but after gaiting 1-2 m. stops, listens and after this sub- 
sequently resumes movement. The stopping of the animal 1-2 m from the rug was not fortuitous. In turning the 
metronome to 120 beat per min the interval between separate sounds equals 0.5 sec, and with the metronome at 
60 beats per min~1 sec. Consequently, in order to recognize the given frequencies, it is necessary that the time 
be at least not less than 1 sec. After this time interval the animals would be in motion for 0.9 or 0.5 sec. If we 
take into account that the gaiting rate equals 2 m4ec, in the first case the animal stops at a distance of 1.8 m 
from the rug, and in the second case, 1 m. 


Thus, the basic difficulty in the differentiation of frequencies 120 and 60 beats per min is the fact that from 
the moment the sound is turned on to that moment when this sound acquires a fixed rhythmic pattern, so much 
time passes that there is enough time to begin the motor conditioned response. This response is displayed thanks 
to the fact that at the first stages of formation of the conditioned reflex the first sound acquires significance as a 
feeding signal. 


In using the given frequencies the first long duration sound retains its signal significance; this makes the dif- 
ferentiation process difficult. 


If our reasoning is correct then it is to be expected that the use of such frequencies, in which the time inter - 
vals between the sounds approach the minima! quantity of the latent period of the motor conditioned response, 
must considerably facilitate differentiation of conditioning stimuli. After unsuccessful attempts to form a differ - 
entiation to frequencies of 120 and 60 beats per min it was decided to use frequencies of 240 and 30 beats per 
min. The choice of the frequency 240 beat per min was due to the fact that in this case the interval between 
sounds equals 0.25 sec, i.e., it approaches the minimal quantity of the latent period of the motor response. This 
creates the prerequisite that the process of sound distinction happen at that moment when the animal is still in 
position, since two sounds and the pauses between them at a frequency of 240 beats per min can still be perceived 
by the animal up to the beginning of the motor response. 


Indeed, the use of these frequencies at once facilitated the process of differentiation, and after-several days 
the distinction of the frequencies 240 and 30 beats per min became literally absolute. We cite the record of an 
experiment (Table 2). 


With the introduction of the 240 and 30 beats per min frequencies the character of the conditioned reflex 
response changed. At the operation of the conditioning stimulus the animal still did not run immediately after 
the first sound, but first listened and only then rushed to the table. A lengthening of the latent periods of the mo- 
tor response occurred. So, in one dog the latent period of the response to a frequency of 240 beats per minute in- 
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creased on the average to 0.6 sec, and to a frequency of 30 beats per min—to 0.9 sec. In another dog the latent 
periods correspondingly increased to 0.6 and 1.4 sec. Such a change in the time characteristic indicates that at 
the operation of the metronome at 30 beats per min the animal runs at the interval (one sound follows another af- 
ter 2 sec), while at a metronome frequency of 240 beats per min at several sounds and intervals between them 
(one sound follows another after 0.25 sec). This gives us a basis to consider that the first sound lost its signal sig- 
nificance while the rhythm acquired it and the distinction of the rhythm ensued. 


As soon as this occurred, differentiation became stable. After differentiation of the frequencies 240 and 30 
beats per min was accomplished, the distinction of the frequencies 60 and 120 beats per min became possible. This 
is evidence of the fact that the distinction of the latter frequencies by these animals was fully possible, however 
because of the reasons stated above the process of learning was difficult. We cite the record of an experiment 
(Table 3). 


The basic reason, making the differentiation of the frequencies 120 and 60 beats per min difficult, was that 
at these frequencies the motor conditioned response was displayed before the process of distinction of these stim- 
uli was completed. The question arises, how then should we understand the difficulty in the formation of differ- 
entiation of tones in the experiments of E. S. Tolmasskaya. It is impossible for us to answer that question with 
complete certainty, since all the details of the investigation are unknown to us. One can only assume that such 
conditions were created in her experiments, that at the first moment the sound conditioning stimulus retained its 
signal significance over a long period of time. 


Thus, for achieving a stable differentiation on the basis of the excitation process concentration under con- 
ditions of free movement of the animal, it is necessary that the nervous process, provoking the distinction of the 
conditioning stimuli, should be formed during the latent period of motor conditioned response. 


SUMMARY 


In conditions of free movement of animals (3 experimental dogs), it was impossible to achieve stable 
differentiation of the metronome frequencies — 120 and 60 beats per minute — on the basis of the excitation proc- 
ess concentration, To elaborate stable differentiation in the given experimental conditions, the nervous process 
provoking differentiation of conditioned stimuli should be formed in the latent period of conditioned reaction, 
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Oxygen respiration under excess pressure is widely employed in the practice of medicine. Thus, in avia- 
tion it is an effective means of providing oxygen for man at high altitudes (greater than 12 km) in those instances 
where the hermetic seal of the airplane's cabin is disturbed. 


In clinical medicine respiration under excess pressure is employed during certain regimes for artificial res- 
piration, especially during operations on organs in the thoracic cavity; it is also successfully used therapeutically 
in acute emphysema and several other illnesses. There is aiso grounds for postulating that respiration under ele- 
vated pressure, inevitably leading to hypertension in the pulmonic circulation, can be used as a functional test 
for appraising the reserve potentials of the right heart. 


Probably, one of the first reports of a change in the blood circulation during rapid, brief elevation of the 
intrapulmonic pressure was already made in the XVII century in the work of Valsalva; he noted that elevation of 
the intrapulmonic pressure, caused by attempting to exhale against a closed glottis(the Valsalva Maneuver), brought 
about a sharp drop in blood flow, up to a temporary complete stop. 


In 1853, Donders [8] observed that an increase in the pressure within the lungs inhibits the normal filling of 
the heart during diastole, and is a reason for the development of venous congestion. The essential changes in blood 
circulation during oxygen respiration under elevated pressure were experimentally established in 1860 by Einbrodt 
{9}. In experiments on dogs he found that the pressure in the right auricle and in the veins rose in parallel to ele- 
vation of the intrapulmonic pressure. When the intrapulmonic pressure attained 25-30 mm Hg a reduction in the 
arterial pressure was observed in the experimental dogs, which along with disruption of respiration, appeared to 
be the basic reason for the death of the animals. 


It is of definite interest to note Einbrodt's observation [9] pertaining to the appearance of an opposing pres - 
sure in the stomach (contraction of the stomach in the experimental animals) which permitted normalization of 
the blood circulation during respiration under elevation pressure. In the subsequent works of P. M. Gramenitskii 
et al.[2), D. I. Ivanov et al. (4), G. V. Altukhov and N. A. Agadzhanyan [1], in experiments on animals, it was 
shown that elevation of the pressure in the lungs inevitably leads to an increase in the intravascular pressure of 
the pulmonic circulatory system, the large veins, the right auricle and the right ventricle, as well as the pressure 
of the spinal fluid. The arterial pressure rises only with a relatively small elevation in the intrapulmonic pressure — 
~to 25-30 mm of Hg, and at higher levels it falls. The experiments of G. V. Altukhov and N. A. Agadzhanyan 
established that the involvement of a compensatory mechanism, creating a counterpressure in the body during 
intensification of the pressure in the lungs, leads to a greater elevation in the venous pressure and the pressure in 
the right and left ventricles. This makes it possible to maintain the arterial pressure at a sufficiently high level 
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Fig. 1. Changes in the plethysmogram during respiration under excess pressure of 100 
and 200 mm of water. Meaning of the curves (from above downward): BKG, EKG, 
plethysmogram; PM —oxygen pressure in the mask (in Figs. 2 and 3—the same). The 
arrows indicate the moments when the oxygen pressure in the mask changed. 


during elevated intrapulmonic pressures. According to the data in the literature, a reduction in the rate of blood 
flow was observed both in the pulmonic and systemic circulation during oxygen respiration under excess pressure. 
This was established in investigations on man using the method of decholine injection [6], and on animals by means 


of injections of radioactive phosphorous [4]. 


As can be seen from the literature presented, the presence of an excess pressure in the lungs causes essential 
changes in the hemodynamics. Thus, a study of the blood circulation during respiration under excess pressure has 


great practical significance. 


The purpose of this investigation was to study the blood circulation in man during oxygen respiration under 
excess pressure. The work was done under terrestrial conditions, both with the use of apparati exerting counter - 
pressure on the surface of the body and without the use of these apparati. 


METHOD 


Eleven young, healthy males took part in the work; eighteen investigations were carried out. The individ- 
uals under investigation breathed oxygen under excess pressure of 8-15, 20-25 and 40 mm Hg and higher. Be- 
fore the beginning of the investigation the oxygen mask was carefully fitted. The excess pressure in the lungs was 
created by an oxygen apparatus, permitting the generation of the necessary pressure under the mask and in the 
pressure system of the compensatory apparatus separately and simultaneously. 


In order to evaluate the state of the blood circulation in the subjects we recorded the electrocardiogram 
(EKG), ballistocardiogram (BKG), pulse volume, plethysmogram, and respiratory excursions of the thoracic. cav- 
ity; we also determined the levels of the minimal and maximal arterial pressure and the rate of propagation of 
the pulse wave. 


The EKG was recorded from the three standard leads. The BKG was registered on a high-frequency ballisto- 
cardiograph (Starr table). The tracing was made during respiratory stops at inspiration and expiration. 


To determine the rate of pulse wave propagation we recorded 2 sphygmograms atthesame time. We placed 
pneumatic cuffs at the proximal portion of the thigh and the distal area of the calf of the subjects under investi - 
gation, connecting them to piezoelectric crystal datchiki. The plethysmogram recorded from the calf using a 
tensometric manometer. 


RESULTS 


It was established that even a relatively small elevation in the intrapulmonic pressure (8 -15 mm Hg) causes 
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Fig. 2. Changes in the BKG, EKG, amplitude of the pulse wave, and rate of its propa- 
gation during oxygen respiration under excess pressure of 15 and 30 mm Hg, without 

the use of the compensatory apparatus. Meaning of the curves (from above downward): 
BKG, EKG, sphygmogram at the calf, sphygmogram at the thigh. 


a marked shift in the hemodynamics, manifested by an increase in the volume of the extremities, a decrease in 
the amplitude of the pulse wave, a rise in the rate of the pulse wave propagation, and, in certain cases, a small 
decrease in the systolic spikes of the BKG. Evaluating these changes in the blood circulation, which in the major- 
ity of subjects were weakly demonstrated, it can be concluded that it is still possible for the organism to adapt to 
these conditions of respiration for a relatively long period of time. With an increase in the excess pressure with- 
in the lungs to 20-25 mm Hg, clearly manifested disturbances in the blood circulation arose in those cases where 
we did not employ the apparatus exerting counter -pressure on the body (Fig. 1 and 2). The volume of the extrem- 
ity markedly increased (it should be noted that the plethysmographic effect exactly followed the magnitude of the 
excess intrapulmonic pressure), the rate of the pulse wave propagation along muscular type vessels considerably 
increased (by 20%), and, at the same time, the rate of pulse wave propagation in the elastic type vessels practi - 
cally remained unchanged. The arterial pressure—both minimal and maximal—was somewhat elevated. 


The data from the electrocardiographic and ballistocardiographic investigation testify to changes in the func - 
tional state of the heart in association with its rising load. In the majority of individuals under observation the 
heart contractions were noted to become more rapid; in this case the relationship of the H~K interval in the BKG 
to the Q~T interval in the EKG essentially did not change. Shortening of the cardiac cycle was basically caused 
by shortening of diastole. 


Decrease in the amplitude of the systolic spikes in the BKG (assuming the durations of mechanical systole 
constant) was probably related to the decrease in the systolic volume (Fig. 2). The moderate elevation in the fre- 
quency of cardiac contractions already showed itself to be inadequate for the maintenance of the cardiac minute 
volume, as is shown by the data of our investigation and has been noted earlier by several foreign authors (7, 10, 
etc. }. 


4 
i 
Ava 
4 
4 
$% 
4 
an 
- 
4 
4 
2 
Lig 
4 
3 
410 
zi 


Inspiration, PM = 0 Expiration, PM=0 
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Fig. 3. Changes in the amplitude of the spikes in the systolic complex of the BKG 
in association with the phases of respiration. .a~normal relationships; b—during re- 
spiration under excess pressure of 25 mm of Hg. Upper curve ~BKG; lower curve ~ 
—EKG, 


It is interesting that during respiration under excess pressure the relationship between the amplitudes of the 
systolic spikes in the BKG during the various phases of respiration is distorted (Fig. 3). As is well known, the sys- 
tolic spikes of the BKG in the inspiratory phase normally have a somewhat higher amplitude than in the phase of 
expiration. During respiration under excess pressure, on the other hand, the amplitude of the systolic spikes in 
inspiration was lower by 20~25% than in expiration; thus, the specific cardiac output during expiration was great- 
er than during inspiration. This phenomenon can be explained by the fact that cardiac filling during the expira- 


tory phase becomes greater than in the inspiratory phase as a result of the marked tension in the skeletal muscles 
and the elevation in the intraperitoneal pressure, and the sucking effect during inspiration, which exists under nor- 
mal conditions of respiration, disappears. 


The exertion of counter -pressure on the surface of the body in the case of oxygen respiration under excess 
pressure (30-40 mm Hg) normalizes the blood circulation to a significant degree. With counter-pressure the con- 
ditions of the peripheral circulation improve, and the indices characterizing the cardiac activity return to normal 
(BKG, EKG). The amplitude of the systolic spikes in the BKG rises, and the magnitude of the cardiac minute vol - 
ume becomes close to normal. However, the character of the change in the BKG during the different phases of 
respiration remains the same as in oxygen respiration under excess pressure without compensation. 


The dextrogram in the EKG completely or partially disappears, and the sinus tachycardia becomes less man- 
ifest. 


The exertion of counter-pressure on the body leads to a marked decrease in the rate of pulse wave propaga - 
tion along the muscular type vessels (femoral artery), which is related to the effect of the counter -pressure itself, 
tending to reduce the tone of the vessel. At higher levels of excess pressure in the lungs (50-60 mm Hg and a- 
bove), despite the use of a system exerting counter-pressure on the body, the distinct shifts again appear in all 
the indices investigated by us characterizing the functional state of the cardio-vascular system (decrease in the 
spikes of the BKG and distortion of their form, sinus tachycardia, depression of the T wave, dextrogram in the 
EKG); this indicates the development of functional inadequacy in the cardio-vascular system. 


With an elevated pressure in the lungs the increase in the intra-alveolar pressure leads to a rise in the pres- 
sure within the cappillaries of the pulmonic circulatory system. The elevated pressure in the pulmonary capillar- 
ies effects the pressure in the pulmonary artery and the right heart. In addition, the rising intrathoracic pressure 
is transferred to the major vessels of the thoracic cavity, modifying the tension in the wall of the vessels, although 
to a varying degree. 


The increase in the volume of the extremity observed in the experiments, associated witha relatively small 
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(8 mm Hg) elevation in the intrapulmonic pressure, is apparently caused by the increased resistance to the blood 
flow returning to the heart, a result of the elevated pressure in the venae cavae and the right auricle. 


The shifts in the blood circulation during respiration under excess pressure begin practically simultaneously 
with elevation of the pressure in the lungs, which suggest the important role which is played by the direct effect 
of mechanical factors. It is necessary to take into consideration in order to correctly understand the conditions 
under which the reflex regulation of the vascular tonus and cardiac function is developed. The compensatory re - 
organization of the circulatory reflex regilation allows the individual to adapt to the new conditions of respira - 
tion for a longer or shorter period of time only at relatively low levels of excess intrapulmonic pressure (10-15 


mm Hg). 


Reflexes from the pulmonic vessels probably play a definite role in the groundwork of the adaptive circula - 
tory reorganization during oxygen respiration under excess pressure. As was shown in the investigation of V. V. 
Parin (5), Schwiegk [11], etc., these reflexes can provide “relief” for the pulmonic circulation. 


The exertion of counter -pressure on the body leads to preservation of the effective circulating blood vol- 
ume; this permits adequate blood circulation at relatively low levels of excess oxygen pressure in the lungs. This 
fact serves as a basis for postulating that use of “pressurized” suits can be used clinically for therapeutic purposes 
associated with certain cases of cardio-vascular insufficiency. 


SUMMARY 


To investigate the shifts occurring in hemodynamics during oxygen respiration under excessive pressure, 
the authors studied the electrocardiograms, ballistocardiograms, and plethysmograms and determined the pulse 
wave velocity. Respiration under a pressure of 8-15 mm Hg produced hemodynamic shifts manifested in the 
increase of the volume of extremities and pulse wave velocity and reduction of systolic complex of the ballisto- 
cardiogram; however, these changes were insignificant. With a pressure of 20-25 mm Hg, the shifts were pro- 
nounced in all the persons tested. With a pressure of 30-40 mm Hg,counter-pressure exerted on the body had a 
marked effect on normalization of circulation, With respiration under 50-60 mm Hg pressure or more, hemody - 
namic disturbances could not be completely eliminated, even by counter-pressure on the body. 
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The experience of the Pavlov Laboratories has shown that the method of exposing the nervous system to 
functional stress of different character reveals to the fullest extent the features characterizing the type of the 
higher nervous activity of the experimental animals. From this point of view studied concerning the character 
of the response to one or the other injurious factor and the course of various pathological processes will also en- 
hance a more profound understanding of the type of nervous system. We studied in our laboratory the inflamma- 
tory reaction of the skin evoked by cantharidin in dogs belonging to different types of nervous system and obtain- 
ed data [5] which showed that differences related to the type of nervous system occur in the local manifestations 
of that reaction. 

In the present investigation we set outselves the task to study the features characterizing a number of gener - 
al reactions in dogs belonging to different types of the nervous system in response to a factor producing inflam - 
mation. 


METHOD 


Five dogs of approximately equal age were selected for experiments from the Koltuzi Farm which dogs cor- 
responded with regard to their typological features to the four basic types according to the classification of Pavlov. 
The type of the nervous system was established in the dogs with the aid of the classical method of Pavlov based 

on the secretion of saliva; the lesser standard recommended by M. S. Kolesnikov and V. P. Troshikhin [2] was 

used for the test. In the period preceding the experiments the selected dogs were allowed to rest for a prolonged 
period (not less than three months). The experiments were carried out in one and the same season (summer 1958). 
Details concerning the dogs are given in Table 1. 


The inflammation was produced by subcutaneous injection of 0.1 ml turpentine in the right subscapular re- 
gion. The size of the inflammatory edema, the body temperature (in four dogs out of five), the erythrocyte sedi - 
mentation rate, the total number of white cells and the differential count of the white cells recorded. The haem- 
atological indices (total white cell count, differential count of the white cells and erythrocyte sedimentation rate) 
were established at least five times before the administration of turpentine. Blood was taken in the morning on 
an empty stomach from an incision made en the edge of the ear. The films were stained with Giemsa -Romanovsky 
stain. We counted 200 cells. 


After the injection of turpentine the blood was investigated between the third and the twelfth hours every 
hour (in one dog: Orsita-between the third and the ninth hour) and then every second day and daily until the local 
inflammatory symptoms subsided. The body temperature (in the rectum) was measured before the administration 
of turpentine, then three hours after the administration and every further hour up to the thirteenth hour; later it 
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TABLE 1 


Features Characterizing the Experimental Dogs in the First Group 


Name of dog Age |Weight| Type of higher nervous activity 
in yrs) (in kg) 


Riza Strong, balanced inert type 
Orsita Strong, balanced mobile type 
Charlie Strong, unbalanced mobile type 
Dick Weak type(strong variant) 
Chasik Weak type 


was measured once a day until the inflammatory symptoms subsided. The size of the inflammatory edema was 
measured daily. In two dogs (one of which belonged to the strong type and the other to the weak type of nervous 
system) control investigations of white cell differential count were carried out at the same periods as after admin - 
istration of turpentine into the other dogs. 


RESULTS 


The greatest differences in relation to the type became manifest in the dogs in the character of changes in 
the body temperature, the erythrocyte sedimentation rate, and the differential count of the white cells; but we 
were unable to establish an influence exerted by the type of the nervous system upon the size of the inflammatory 
edema or upon the changes in the total white cell count. 


With regard to the body temperature all animals responded to the injection of turpentine with temperature 
changes of different degree within the first three-nine hours after the injection and a subsequent gradual increase 
in the temperature up to a maximum at the 11th-13th hour. It was particularly in that period that differences in 
the temperature response related to the type became manifest most of all. Later after one day and yet later dur- 
ing the formation and regression of the abscess the changes in the body temperature did not show any particular 
features which could have been related to the type of nervous system. In the first hours (between the third and 
13th hour) after administration of turpentine, however, the temperature response was as judged by the range of 
variation between the minimum and maximum temperature in the period stated above, much more intensive in 
dogs belonging to the weak type of the nervous system than in dogs of the strong type. 


An acceleration of the erythrocyte sedimentation rate could be observed in all animals but the highest values 
were obtained in various dogs at different periods independently of the type of the nervous system. The accelera - 
tion of the erythrocyte sedimentation rate proved to be most marked in dogs belonging to the weak type of the 
nervous system (Table 2). 


Changes in the white cell differential count became manifest in a decrease in the number of eosinophiles 
and lymphocytes, an increase in the number of neutrophiles and a nuclear shift to the left. These changes were 
most marked between the fourth and ninth hour after the administration of turpentine; at this stage the differences 
in the degree of reactive eosinopenia and lymphopenia in the dogs proved to be related to the type of their ner- 
vous system (Fig. 1). 


The most marked decrease in the number of eosinophiles and lymphocytes could be observed, as shown by 
Fig. 1, in the dogs belonging to the weak type of the nervous system: the dogs Dich and Chasik. They showed cor- 
respondingly the greatest relative increase in the number of neutrophiles (not shown on Fig. 1). The shift to the 
left was in one case particularly marked and was observed incidentally in the weakest dog. In the second dog be- 
longing to the weak type: Dick— the shift to the left proved to the least marked of all but in this particular dog 
a relatively high per cent of immature forms within the neutrophile group of white cells had been observed already 
before the administration of turpentine. In the group of animals belonging to the strong type the smallest decrease 
in the number of eosinophiles and simultaneously even a certain increase in the number of lymphocytes was found 
in the dog Riza which was distinguished from the other dog belonging to the strong type by the inertia of her ner- 
vous processes. 


In view of the fact that the described picture of changes in the white cell count: the decrease in the num- 
ber of eosinophiles and lymphocytes is regarded as characteristic for the activation of the adnohypophysis-adreno - 


“4 
x 
4 
a 
4 
a 
q 
4 
6. 
= 
ig 
if 
“a 
+ 
or 
a 
al 
an 414 
4 
4 


eosinophiles lymphocytes immature forms 
S of neutrophiles 
S = 


Ca 


Fig. 1. Changes in the indices characterizing the white cell 
count after subcutaneous injection of turpentine in dogs be- 
longing to different types of the nervous system. a-— Original 
cell count before the administration of turpentine accepted 
as 100%; b—changes in the dog Riza, belonging to the strong 
balanced inert type; c —in the dog Orsita beloning to the 
strong balanced mobile type; d—in the dog Charlie belong - 
ing to the strong unbalanced mobile type; e—in the dog Dick 
and Chasik belonging to the weak type. 
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Fig. 2. Changes in the haematological indices after intra- 
muscular injection of 20 units of ACTH in dogs belonging 

to different types of the nervous system. Captions the same 
as in Fig. 1. The white columns indicate cell count observ - 
ed before the administration of ACTH. 
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S 
Fig. 3. The same as in Fig. 2, with regard to dogs of the 
second group. Captions the same as in Figs. 1 and 2. 
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cortical system ("Stress Syndrome”, Selye [6, 7]) andin 
view of the fact that the degree of these changes proved 
to be different in dogs belonging to different types of 

the nervous system it could be assumed that the above 
differences are based on a reaction on behalf of the pitu- 
itary-adrenal system of different intensity in response to 
the injurious factors: administration of turpentine. 
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To check this assumption we carried out the Thorn 
test on the same dogs [8]. Adrenocorticotropic hormone 
(ACTH) was administered by intramuscular injection in a 
dose of 20 units. The blood (films) was taken every hour 
after the injection of ACTH for nine hours. The blood 
was investigated at least five times before the injection 
of ACTH. 


erature reaction 
judged by diff. 
between min. and 
p. be- 
tween 3rd-13th hr 
after turpentine 
injection) 


Intensity of tem 


max. tem 


J 


The results of investigations concerning the white 
cell count between the fourth and ninth hour after the 
injection of ACTH are set forth in Fig. 2. They are on 
the whole very similar to the results obtained after in- 
jection of turpentine: in the dogs belonging to the weak 
type (Dick and Chasik) the number of eosinophiles de - 
creased after injection of ACTH also to a greater degree 
than in the dogs belonging to the strong type of the ner- 
vous system and among the latter the smallest decrease 
in the number of eosinophiles could be observed in the 
strong inert dog Riza. This dog was the only animal in 
which both after the administration of turpentine as well 
as after the injection of ACTH a certain increase in the 
number of lymphocytes instead of a decrease could be 
observed and instead of an increase in the number of im - 
mature forms in the neutrophile group of leucocytes a 
decrease in their number could be observed after injec - 
tion of ACTH. Among theother dogs the greatest changes 
could be observed in the dogs belonging to the weak type 
of nervous system. 
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To check our results on a larger material we re- 
peated the experiment with ACTH on yet another group 
of dogs belonging to well defined types of the nervous 
system which with regard to the features characterizing 
that type were as far as possible selected corresponding 
to the animals of the first group (Table 3). The hormone 
was injected in the same dose and under similar condi - 
auriuad tions as into the dogs of the first group but hormone of 


Jo a different batch was used. 
-UT 
— a In this group too the greatest decrease in the num- 


ber of eosinophiles lymphocytes and the greatest shift to 
the left could be observed in a dog belonging to the weak 
type: Mol" and the smallest decrease (or rather complete 
absence of a response on behalf of the eosinophiles and 
lymphocytes) could be observed in the strong inert dog 
Malysh (Fig. 3). 


A reaction‘of approximately equal intensity could 
be observed in the dog belonging to the strong variant 


The Intensity of the General Temperature Reaction and of Changes in the Erythrocyte Sedimentation Rate in Response to Subcutaneous Injections of 0.1 ml 


Turpentine in Dogs Belonging to Different Types of the Nervous System 


| 
Name of dog 3 hours4 hourd hours | hours | hours 
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TABLE 2 
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TABLE 3 


Features Characterizing the Dogs of the Second Group 


Name of dog tin Type of higher nervous activity 
; Malysh strong, not completely balanced, 
’ inert type 

Ors strong balanced mobile type 

Octar strong unbalanced mobile type 

Marsik weak type (strong variant) 

Mol’ weak type 


of the weak type Marsik and in the excitable dog Octar. It'must be emphasized that in the group of strong dogs 
animals of the excitable type: Charlie and Octar occupied with regard to the degree of changes in the differential 
count of leucocytes as well as with regard to the degree of changes in the body temperature and the erythrocyte 
sedimentation rate an intermediate place between animals belonging to the strong balanced type of nervous sys- 
tem on the one hand and animals belonging to the weak type of the nervous system on the other hand. 


Differences in the character of the inflammatory process (as judged by the cytogram of the aseptic wound) 
as well as differences in the functional features of the adrenal cortex depending on the type of nervous system 
have also been established by other authors [1, 5}. 


Our findings show that the intensity of a number of protective -adaptory reactions produced by the body in ae 
response to injurious factors causing inflammation, in particular the intensity of those reactions which are based 
on the activation of the pituitary-adrenocortical system is closely related to the type of nervous system. Further 
investigations in this direction might extend our conceptions concerning the type of the nervous system to a large 
extent and might bring us nearer to an understanding of the actual mechanisms on which the cortical regulation 
of the internal body systems is based. 
SUMMARY 


The experiment was performed on 5 dogs — 3 with a strong and 2 with a weak type of nervous system, A 
number of general reactions of the organism during inflammation caused by subcutaneous administration of tur- 
pentine (0.1 ml) were studied, A greater degree of hyperthermia, a higher ESR and changes in the leucocytic 
formula (eosino- and leukopenia) were noted in the dogs of the weak type in comparison with those of the strong, 
especially of the strong and inert type of nervous system, In ACTH administration (20 units) to the same dogs and 
to 5 other animals — 3 with a strong nervous system type and 2 with a weak type ~ eosino~ and lymphopenia were 
also most pronounced in dogs with a weak type of nervous system, and least marked in strong, inert animals, A 
shift to the left in the neutrophilic group of leucocytes was also most pronounced in weak dogs. The data obtained 
indicate a different degree of activity exercised by various physiological systems, including the endocrine system, 
in animals with different types of nervous system. 
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Disorders in the central nervous system play a decisive role in the pathogenesis of terminal states which in- 
clude death due to haemorrhage. The high sensitivity of the nervous system to lack of oxygen determines the dur - 
ation of the clinical death as well as the possibility and the success of resuscitation [14, 15]. At the same time 
the norma! function of the peripherical organs and effector systems represents a prerequisite for successful resus - 
citation, as functional disorders of these systems renders resuscitation more difficult. From this point of view the 
endocrine glands which by means of their hormones take part in the body's defense reactions occupy a particular 
place [4, 16}. 


Loss of blood, trauma and many other pathogenic factors cause, as shown by the investigations of Selye and 
other authors,a mobilization of anterior pituitary hormones and of hormones of the adrenal cortex [25, 26]. Ad- 
renal failure enchances the development of shock and collapse [2, 12, 21, 26} 


The role of the pituitary-adrenal system in the restoration of the vital functions after clinical death has 
-not been adequately discussed in the literature. It has been shown in the laboratory of V. A. Negovskii that ad - 
renalectomized animals can be revived and the special features characterizing their metabolic disorders were 
studied (3). The investigations of the author carried out jointly with M. G. Polyakov and G. S. Yakobson estab- 
lished that revival of adrenalectomized animals after fatal haemorrhage is difficult and the more so the higher 
the degree of adrenal failure (8). 


In the present paper we studied the influence exerted by the loss of function of the anterior pituitary lobe 
upon revival after clinical death caused by haemorrhage. 


METHOD 


The experiments were carried out on cats of both sexes. The hypophysectomy was carried out under parti- 
cipation of the assistant V. I. Fedenkov by a slightly modified method from that described in the literature [6, 
7,9). The pituitary gland was removed under intratracheal narcosis through the oral cavity. As a reference point 
for the trepanation of the skull basis a canal in the bone was used which contained blood vessels and the rudimen- 
tary cranio-pharyngeal duct which leads from the pharynx to the pituitary gland. This canal is situated in the 
middle of a line which unites the basis of the left and right pterygoid process of the mandible and appears after 
dissection and separation of the mucous membrane and the periosteum in the shape of a punctiform opening in 


* Report on the Annual Scientific Conference of the Stalinsk Postgraduate Medical School, March 29, 1960. 
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Fig. 1. Restoration of the vital functions after clinical death in a cat after re- 
moval of the anterior lobe of the pituitary gland in an experiment performed 
on October 8, 1959. 60 mins after reappearance of spontaneous breathing the 
arterial blood pressure decreased to 50 mm. Significance of curves (from top 
to bottom) : respiration; arterial blood pressure; zero line; time mark (10 secs). 


the basilar bone which is bleeding to a moderate degree. The bone was trepanated by means of a perforating 
machine using a multi-blade drill: this secured the precise approach to the pituitary gland and also haemostasis 
. by the bone borings. The dura mater was dissected before the papilla (a residue of the craniopharyngeal duct 
mentioned above). The adenohypophysis was squeezed through the opening under the influence of the intracran- 
ial pressure and was removed to its full extent by means of a small sharp spoon. After this the posterior lobe of 
the pituitary gland was well visible and could be removed. The floor of the wound canal was covered by a fib- 
rin-membrane; the defect in the bone was sealed with cement-phosphate. 
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Fig. 2. Restoration of the vital functions after clinical death in a cat deprived 
of the arterial lobe of the pituitary gland in an experiment performed on April 
27, 1960. 44 mins after reappearance of spontaneous breathing the animal per - 
ished. Significance of curves same as in Fig. 1. 


In the post-operative period the animals were treated with penicillin and the saline solution recommended 
for adrenalectomy [19]. After two weeks the animals were used for the basic experiment. Death was caused by 
fractionated bleeding (in portions of blood corresponding to 0.75% of the body weight at intervals of 15-20 mins) 
from the common carotid artery. The revival was performed by the method of V. A. Negovskii with heparinized 
blood from the same animal without addition of glucose and as far as possible without addition of adrenalin as 
accepted in the studies of G. L. Lyuban and co-workers [11]. The blood for analysis was collected in the begin- 
ning and at the end of the bleeding period and during the revival 20, 40 and 60 min after the reappearance of 
spontaneous breathing. 
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RESULTS 


A prolonged state of death caused by fractionated bleeding exhausts the compensatory possibilities of the 
animal body and makes resuscitation difficult (5, 10}, Under these conditions removal of the anterior lobe of the 
pituitary gland has an unfavorable effect upon the restoration of the vital functions but this effect does not become 
immediately manifest. Our experiments showed that hypophysectomized animals survived the state of clinical 
death and can be brought out of that state by the usual methods of resuscitation. Restoration of the cardiac func- 
tion the vasomotor and the respiratory center as well as the cornea reflexes could be observed. 


It is a fact deserving attention that spontaneous breathing reappears more rapidly in hypophysectomized an- 
imals (Table 1). 


It was assumed that the earlier restoration of breathing in the experimental animals was connected with the 
lesser duration of the process of dying and the clinical death. Our findings show however that this is not always 

the case (experiments No. 9 and 10). The earlier appearance of spontaneous breathing during the revival of ani- 
mals deprived of the anterior lobe of the pituitary gland may possibly be caused by peculiarities of their metabol - 
ism. This assumption requires special experimental investigation. 


The pattern of changes in the arterial blood pressure reflects 
the course of resuscitation (Table 2). At the moment spontaneous 
breathing reappears the arterial blood pressure is in the hypophysec - 
tomized animals only half as low as in the control animals. Later 
the arterial blood pressure rises but does not reach the level of the 
control animals. 


Later on during the first hour of resuscitation the arterial blood 
pressure of the hypophysectomized animals continually decreases. 
Almost one half of the animals (four out of ten) perished between the 
40th and 60th minute of the resuscitation period. The above tenden- 
cy in the changes of the arterial blood pressure is illustrated by 
photocymograms (Fig. 1 and 2). 


bleedi itati 
ye a a Resection of the anterior lobe of the pituitary gland had also an 
w---2 time effect upon the haemoconcentration (Fig. 3). As the quantity of 


blood measured after the bleeding proved to be lower in the experi - 
mental animals than in the contol animals it could be assumed that 
the greater degree of dilution found in the blood of hypophysectom - 
ized animals was not due to an increased mobilization of liquid into 
the blood stream but rather to a deposition of formed elements. If 
one compares the pattern of changes in the arterial blood pressure 
and in the haemoconcentration it appears that in the second half hour of the resuscitation period the arterial blood 
pressure decreases in the control animals and the haemoconcentration increase, returning to the original level. 

In the hypophysectomized animals however the haemoconcentration notwithstanding the marked fall in the arter- 
ial blood pressure not only fails to increase but even decreases further. 


Fig. 3. Changes in the haemoconcen- 
tration in the experimental animals.. 1— 
~control animals, 2—hypophysectom - 
ized animals. 


The experiments thus showed that the pituitary gland exerts a peculiar effect upon resuscitation. Our re- 
sults coincide in the main with the findings of previous investigations carried out on adrenalectomized animals 
{8}. According to contemporary conceptions loss of the function of the anterior lobe of the pituitary gland leads 
to adrenal failure (1, 18, 20). 


At an earlier stage of resuscitation when the cerebral cortex and the subcortical centers are in a state of 
profound inhibition the loss of the pituitary influence does not become particularly manifest. The pituitary - 

adrenal failure became manifest at a later stage during the restoration of the mesencephalic and diencephalic 
function. 


It can be assumed that under normal conditions during the resuscitation of healthy animals the role of hor- 
monal deficiency will become particularly manifest during the period of restoration of the higher prats of the 

central nervous system and during the normalization of the metabolism. At the time when the subcortical centers 
and the reticular formation are inhibited, the secretion of hormones by the adenohypophysis will cease [13, 1, 17]. 
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Afer the function of the hypothalamus has been restored the pituitary gland begins to function again which leads 
to the mobilization of coricoid hormones which directly participate in the elimination of the metabolic disorders 
and thus enhance revival. Disruption of this physiological mechanism (removal of the pituitary gland, adrenalec - 
tomy, functional failure)may render a resuscitation difficult. 


SUMMARY 


The course of resuscitation was compared after fatal blood loss in hypophysectomized and healthy cats. 
Experiments have demonstrated that removal of the anterior lobe of the hypophysis impedes the restorative proc- 
ess, Hypophyseal-adrenal insufficiency becomes manifest during functional normalization of the subcortical 
centers and metabolism. ACTH and cortisone therapy is recommended in terminal conditions. 
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The increased coagulability of the blood in various conditions (in the post-operative period, after child - 
birth, in case of haemorrhage after painful stimuli in stenocardia and myocardial infarction) is one of the fac - 
tors enhancing the formation of thromboses and their spread over the vascular system. The acceleration of blood 
coagulation in the conditions mentioned above is due to an increase in the thromboplastin activity of the blood 
(2-5, 11,17}. The mechanism responsible for the increase in the thromboplastin activity of the blood however 
is still unknown. 


In the present paper we report findings concerning the mechanism responsible for the increase in the throm- 
boplastin activity of the blood after acute haemorrhage and in the post-operative period. 


METHOD 


One hundred patients who had been operated upon under general ether narcosis for fibroid of the uterus 
were observed. The duration of the narcosis varied between one and two hours. The age of the patients varied 
between 27 and 68 years. The functional state of the blood coagulation system was established before the oper- 
ation and two and a half hours, three days, five days, eight days and eleven days after the operation. 


Besides, 25 experiments were carried out on dogs to study the influence of an acute loss of blood up to 40% 
upon the coagulability of the blood and its thromboplastin activity. 


The acute loss of blood was caused by rapid bleeding from the femoral artery. The functional state of the 
blood coagulation system was investigated before the bleeding, at the time of bleeding and 10, 20, 30 and 60 
mins after the bleeding. The blood coagulation time was estimated by the method of S. Ts. Bazaron [1], the 
silicone coagulation time of the blood by the method of Jaques, Fiedler, Feldsten and McDonald [14], the hepa - 
rin tolerance of the plasma was established by the method of Poller [18] the thromboplastin activity of the blood 
was estimated by the modified method of Graham, Langdell and Brinkhouse [13] the antithromboplastin activity 
of the blood by the method of V. P. Baluda and V. V. Chernaya and the thrombocytes were counted by the me- 
thod of Fonio. To establish the significance of the results the findings were subjected to statistical evaluation 
according to the usual method. 


RESULTS 
The findings obtained after statistical evaluation are set forth in Table 1 and 2. 


Table 1 shown that the coagulability of the blood increases on the average in the post-operative period by 
34%, the heparin tolerance of the plasma increases three times and the thromboplastin activity increases one and 
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TABLE 1 


The Influence of Operative Interventions upon the Indices Characterizing the Coagulation 
System of the Blood 


= Time elapsed since the operation __ 
in hours 


2.5 


Indices characterizing] ; 
the coagulation sys- 
—tem_of the blood _ 


Blood coagulation time 
(in seconds) 


Statistical 
Before the 
operation 


300 240 260 


Silicone coagulation 
time of the blood (in 
seconds 

Heparin tolerance of the 
plasma (in seconds 


£2, 
Sl onl aS 


> 


Thromboplastin activity 
01 the blood (in %) 


Antithrombopuiastin acti 
vity of the blood (in %) 


Thro bocytes (in thou- 
sand/ mm*) 


Note: M-~arithmetical mean; m-—standard deviation; P—probability of deviation 
calculated on the basis of the original findings. 


TABLE 2 


Influence of Acute Loss of Blood upon the Indices Characterizing the Blood Coagula- 
tion System in Dogs 


indices characterizing the | statisti- | before 


coagulation system of the indi-| the loss | 
— ces ofbiood [ately al 
er the 


Blood coagulation time 200 160 120 
4 5 

(in seconds) <0,001 | <0.001 

360 


Silicone coagulationtime | 
of the blood(in seconds) <0,001 | <0,001 
360 300 160 


Heparin tolerance of the 
plasma (in sec) 
Thrombocytes (in 
thousand/mm!$) 
Thromboplastin activity 
of the blood(in %) , 
Antithromboplastin activity! m+ 
of the blood (in %) P 


a half times, the antithromboplastin activity decreases two and a half times. The changes enumberated above 
take place already within two and a half hours after the operation and are most marked on the third day. On the 
eleventh day the coagulability of the blood, the heparin tolerance of the plasma, the thromboplastin activity and 
the antithromboplastin activity of the blood returned to the original values. The number of thrombocytes in- 


| 
a P <0;02 <0,001 | <0,001 | <0,001 |<0,02 a 
ee M 790 580 665 840 880 ; 
m-- 10 9 18 11 11 
P <0,02 | <0,001 | <0,001 | <0,01 |=0,5 : 
4 M 320 210 250 530 630 

- m-+- 10 4 15 16 14 
P <0,001 | <0,001 | <0,001 | <0,001 |—0,2 
m+ 1,4 1,3 2,9 1,5 
P <0,001 | <0,001 | <0,001 | >0,05 |=—0,5 
a M | 72 47 59 99 130 
£ m+ 4,3 3,0 2,3 5,6 2,1 
P <0,00!1 | <0,001 | <0,001 | <0,01 [>0,05 
a m+ 72 106 -- 81 83 
~~ P =0,5 =0,1 -- <0,01 |=0,5 
| 60 
160 
5 
<0,001 
420 
9 
<0,001 
230 
& 
<0,001 | <0,001 | <0,001 | <0,001 
4 400 380 380 300 320 2 
8 8 8 6 6 
>0,05 | >0,05 | <0,001 | <0,001 4 
55 70 84 100 100 
2,0 2,4 2,4 2,4 3,0 
<0,001 | <0,001 | <0,001 | <0,00! 
100 85 70 56 75 
Pa 3,6 3,0 2,0 1,6 2,0 Et 
<0,001 | <0,001 | <0,001 | <0,00! 
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creases slightly only on the eighth day after the operation. 


The data set forth in Table 2 show that acute loss of blood is accompanied by a shortening of the blood 
coagulation time to one half of the original level a more than twofold increase in the heparin tolerance of the 
plasma a twofold increase in the thromboplastin activity of the blood and an almost twofold decrease in the anti - 
thromboplastin activity of the blood. After acute haemorrhage the number of thrombocytes decreases on the aver- 


age by 25%. 


After acute loss of blood and after operative intervention the coagulability of the blood, the heparin toler- 
ance of the plasma and the thromboplastin activity of the blood increase, and the antithromboplastin activity 
decreases. After acute loss of blood the number of thrombocytes decreases and in the post-operative period the 


number of thrombocytes shows a slight increase. 


What is the basis for the increase in the thromboplastin activity of the blood? Itis believed that the throm - 
boplastin activity of the blood mainly depends on the concentration of the plasma factors of thromboplastin (anti - 
haemophilic globulin A and B) and on the number of thrombocytes. In this context the rate of blood thrombo - 
plastin generation will depend on the concentration of the antihaemophilic globulins A and B and the quantity 
of thromboplastin will depend on the number of thrombocytes (6, 7, 16]. 


The low thromboplastin activity of the blood in haemophilia is due to the absence or marked decrease in 
the concentration of the antihaemophilic globulin A and B and in Werlhof's disease - to a decrease in the number 
of thrombocytes (8, 9, 12, 19}. There are however some reports according to which the disorders in the thrombo- 
plastin generation in case of haemophilia and the decrease in the thromboplastin activity of the blood are con- 
nected with the increase in the anti-thromboplastin activity of the blood in these patients (15, 21, 22}. 


From the data quoted above it appears that after acute loss of blood the thromboplastin activity of the 
blood increases twofold and the number of thrombocytes decreases. Consequently the increase in the thrombo- 
plastin activity of the blood after acute loss of blood is not connected with an increase in the number of throm - 
bocytes. In the post-operative period the thromboplastin activity increases already within two and a half hours 
after the operation, the maximum increase can be observed on the third day and a slight increase in the number 
of thrombocytes can be observed only on the eighth day, i.e., at the time when the thromboplastin activity of 
the blood has almost returned to the original value. Consequently the post-operative increase in the thrombo- 
plastin activity of the blood is not connected with an increase in the number of thrombocytes. 


The antithromboplastin activity of the blood is caused by the presence of antithromboplastin and heparin 
in the body.- The activity of the antithromboplastin is usually related to the effect upon the lipoid components 
of blood thromboplastin and tissue thromboplastin which leads to the decrease of thromboplastin and a decrease 
of the thromboplastin activity [22]. The antithromboplastin activity of heparin is apparently connected with the 
suppression of the thromboplastin generation in the final stage. Some reports suggest that heparin inhibits partic- 
ularly the activation of blood thromboplastin probably by blocking the slowly proceeding reaction between the 
thrombocytic factor and the plasma factor [11]. Besides heparin also destroys the thromboplastin which has form- 
ed during the coagulation of blood [20]. 


As a result of the decrease in the antithromboplastin activity of the blood arising after operative interven - 
tion and loss of blood, conditions arise which are favorable for an increased rate of thromboplastin generation 
and consequently for an increase in the thromboplastin activity of the blood. This enhances the rapid formation 
of thrombin and leads to an increase in the coagulability of the blood. 


An increase in the thromboplastin activity which accelerates the coagulability of the blood must be regard - 
ed as one of the manifestations of the “stress reaction” which arises under the influence of such extreme stimuli 
as loss of blood and operative intervention. It is well known that in the first five-nine days after operation the 
activity of the anterior lobe of the pituitary gland increases and the secretion of ACTH increases and that the 
corticoid and medullar activity of the adrenal glands becomes more intensive [10]. 


SUMMARY 


The mechanism of increased thromboplastin activity of the blood was studied on 100 patients operated on 
in connection with fibromyoma of the uterus and in 25 experiments with acute blood loss in dogs. The thrombo- 
plastin activity increased during the postoperative period by one and a half times, antithromboplastin activity 
by two and a half times. These changes occurred as soon as 2.5 hours after the operation, being most pronounced 
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on the third day. The number of blood platelets increased insignificantly and only on the eighth postoperative 
day. Acute blood loss is associated with increased thromboplastin activity, reduction of antithromboplastin ac- 
tivity and a drop of the platelet count. The rise of the blood thromboplastin activity after the operations and 

blood losses are associated with reduced blood antithromboplastin activity. Increased blood thromboplastin ac- 
tivity, leading to accelerated blood coagulation, should be regarded as one of the manifestations of “stress” re- 


action. 
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RESORPTION OF CASEIN LABELED WITH I'3! AND METHIONIN 
LABELED WITH S®°® FROM THE DIGESTIVE TRACT AT VARIOUS 
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Translated from Byulleten’ Eksperimental ‘noi Biologii i Meditsiny, Vol. 51, No. 4, 
pp. 43-47, April.1961 

Original article submitted February 11, 1960 


The influence of stomach resection upon the resorptive capacity of the digestive tract has been inadequate - 
ly studied. The assimilation of nutrient substances after stomach resection has attracted somewhat more atten- 
tion [1, 2, 31 


Recently a number of authors used radioactive isotopes to study the process of resorption after stomach re - 
section. It was a defect of these studies that they were carried out within short times after the operation not ex- 
ceeding three -four weeks [5, 6} 


Disorders in the resorption of fat labelled with r™ were observed in human subjects after Billroth II resec-- 


tion of the stomach. A group of Japanese authors [4] emphasized that in patients and in experimental animals the 
resorption of fat labelled with I! and of protein labelled with P™ slowed down within a short time after total 
stomach resection. We set ourselves the task of following up experimentally the changes in the resorption of or- 
ally ingested protein or amino-acids from the intestine after extensive resection of the stomach. 


In our opinion the results of such investigation would enhance our understanding concerning the causes of 
the alimentary disorders observed in patients after gastric operations. 


METHODS 


The experiments were carried out on dogs and consisted of the resection of the stomach according to the 
scheme of the Billroth II operation in the modification of Finsterer." Healthy animals served as control. Casein 
labelled with I'* and methionin labelled with S* were used to study the resorption. The casein was iodized in 
the following manner: two mixtures were prepared: 1) 200 mg casein dissolved in 5 ml phosphate buffer (pH 
8.6) and 2) 0.4% potassium iodide solution (4 ml) and a 0.4% solution of potassium iodate (2 ml). To this mix- 
ture we added a solution of I" with an activity of 500-1000/yC. Before the protein was iodized one-two drops 
of 0.5 N hydrochloric acid were added into the second solution after which the latter solution was immediately 
added in small portions to the first solution under continuous mixing. The mixture wasstored for two-three hours 
in the refrigerator and then the iodized protein was dialyzed against normal saline or against tap water. The di- 
alyzate was checked with regard to the presence of excess I’! One of the control methods used consisted of the 
paper chromatography of the preparation obtained using Nal" as indicator. 


*The gastric operations were carried out by the research worker N. Sh. Amirov, for which we express our gratitude. 
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Fig. 1. Rate of resorption of breakdown products of casein labelled with 
in the digestive tract. 1,2,3,4~—control experiments (curves 1 and 2; the dog 
Veta, the curves 3 and 4: the dog Gaga); 5,6,7,8,9—experiments on the dog 
Veta after resection of the stomach (curve 5: 36 days after the resection; 
curve 6; three months and 26 days; curve 7: seven months and 13 days; cur- 
ve 8: seven months and 20 days; curve 9: ten months and five days after the 
resection) (in this experiment a large volume of the mixture ~250 ml instead 
of 150 ml~was given). 
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Fig. 2. Rate of resorption of breakdown products of casein labelled with 1 


in the digestive tract. Experiments on the dog Nag. 1,2-—control experi- 
ments; 3,4,5—after stomach resection (curve 3: 37 days, curve 4: four 
months, curve 5: seven months (15 days) after the resection), 
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Per Cent of Activity of the Protein Administered per 1 g Body Weight Found in 1 ml 
Serum after Administration of Casein Labelled with or in Various Ways (control 
dog Chernushka) 


Method of ___Time (in minutes) 


administration 


Oral ingestion 


Ingestion through a 3 216. 267 253 257 243 230 
fistule in the ileum 4 240 250 245 240 236 225 


To evaluate the quality of the labelled protein obtained and to establish whether it was suitable for physio- 
logical experiments, in vitro experiments were performed, in which the protein preparations obtained were de - 
composed with digestive enzymes: pancreatic and intestinal enzymes, incubating the proteins for different pe- 
riods. The results of paper chromatography of this mixture performed after various periods of incubation showed 
that casein labelled by the method described above is decomposed to amino acids by a mixture of pancreatic 
and intestinal juice; no inorganic I*! could be found. 


To prevent the accumulation of I" in the thyroid gland the experimental animals were given a few drops 
of Lugol's solution three -four days before the experiment. Casein labelled with I in a dose of 100-200 counts 
per 1 g of weight was given to the dogs in a mixture with milk and water. The total volume of the liquid a- 
mounted to 150 ml out of which 50 ml were milk. In other experiments the volume of the liquid given to the 
dogs was increased to 250 ml out of which 150 ml consisted of milk. The dogs were given this drink 20 hours af- 
ter the preceding consumption of food. At different.times after the administration of protein labelled with I'™* 
(after 15, 30, 60, 90, 120, 180, 240, 300 and 360 mins and in some experiments even later: after 12, 14 and 24 
hrs) blood samples were taken from the dogs, (from the v. saphena parva with the animal standing, under light 
ether anesthesia of the skin) the serum was separated and its ratioactivity was measure by the 6 -radiation on a 
Geiger counter. The result in per cent of radioactivity administered per 1 g weight found in 1 ml serum. The 
experiments were repeated on one and the same animal at various times between 1-16 months after the subtotal 
stomach resection. Investigations were carried out on the same dogs after oral ingestion of methionin labelled 
with s®, Throughout the period of observation the animals were kept on a standard diet and were given shredded 
food two or three times a day. The animals were regularly weighed and their stools were observed. The experi- 
ments were carried out on ten dogs in six of which the stomach was resected. 


RESULTS 


In the control experiments the maximum increase in the activity of their blood could be observed between 
60 and 90 minutes after the administration of labelled protein in a range between 130 and 160 per cent of the 
radioactivity of the protein administered per g weight; later the activity gradually decreased. After one day the 
activity of the serum had decreased to 30-50 per cent. 


After the resection of the stomach the radioactivity of the serum reached the maximum in the dogs earlier: 
within 30-60 mins after the administration of labelled protein. The peak of the radioactivity found in the blood 
was much higher than in the control experiments and reached 210-280 per cent. This high level usually persisted 
throughout the duration of the whole experiment (Fig. 1). After one day the radioactivity decreased just as in 
the control experiments to 30-50 per cent. 


The increased rate of resorption of protein breakdown products from the digestive tract into the blood in 
dogs after partial resection of the stomach is mainly due to disorders in the evacuatory function of the stomach. 
The food enters the intestine more rapidly than under normal conditions.* If the evacuation of the food was de- 


* The X-ray investigations were carried out by the research worker A. N. Pomel 'tsov. 
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layed (which could be observed in one of the six dogs in which the stomach had been resected, named Naf) the 
breakdown products of protein enetered the blood at a slower rate and accumulated gradually in the blood (Fig. 2). 


Chernushka either orally or through an intestinal fistule into the ileum bypassing the stomach. In this case 
the values for the radioactivity of the blood and the character of the radioactivity curves at different periods of 
time was quite different from the findings obtained in experiments with oral ingestion of protein: the breakdown 
products of protein were rapidly resorbed from the intestine and the curves were similar to those obtained in ex - 
periments on dogs after stomach resection (see table). 


ml serum 


Percent of activity of protein administered 
per 1 g body weight found in 1 


120 180 240 
Time (in minutes) 


Fig. 3. Rate of resorption of methionin labelled with s* in the digestive tract. 1, 


2,3,4— control experiments (curves 1 and 2: the dog Dick; curves 3 and 4; the dog 
Murzik); 5,6,7,8— experiments on the dog Veta after stomach resection (curve 5; 
11 months; curve 6: 12 months; curve 7: 13 months; curve 8: 15 months after the 
resection). 


To establish whether the casein is deiodized in the intestine and also to establish in what form the break - 
down products of casein labelled with I!*! circulate in the blood we carried out the following experiments: 


1) The thyroid gland of the dogs was not blocked with Lugol's solution before the oral ingestion of radio - 
active protein. Had inorganic I*! entered the blood from the intestine it would in this case accumulate in the 
thyroid gland. Measurements of the -radiation in the region of the thyroid gland and the pause led to identical 
results. Consequently no accumulation of iodine took place in the thyroid gland. 


2) Paper chromatography (ascending, in a mixture of butyl alcohol and water) of the radioactive serum re - 
vealed that the Rf of the radioactive spot was equal to 0.22 and the Rf of Nal!*! was equal to 0.45. Hence it 
follows that no [*! was liberated from the protein in the shape of iodide. 


3) Precipitation of the proteins from the radioactive serum with trichloracetic acid or alcohol revealed 
that the whole radioactivity was present in the trichloracetic or alcoholic extract. No radioactivity could be 
found in the protein. Consequently it must be assumed that the breakdown of casein labelled with I'S! in the in- 
testine proceeded down to amino acids which were then resorbed into the blood. 


Changes in the normal entrance of food from the stomach into the intestine were of the greatest importance 
in the increased rate of resorption of protein breakdown products from the intestine after stomach resection. This 
follows from the experiments with methionin labelled with S*, The labelled amino acids were ingested orally 
with milk into dogs possessing their whole stomach and dogs after partial resection of the stomach (100-200 counts 
per g body weight). Fig. 3 shows some of the results obtained in these experiments. Here again the considerable 
difference between the increase in the radioactivity of the blood serum between non-operated and operated dogs 
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became clearly manifest. In the latter the rate of resorption and the peak was higher. 


In the control experiments the maximum activity found was 120-150 per cent of the protein administered 
per 1 g body weight in 1 ml serum whereas in operated animais it varied between 190-235 per cent. Here too 
the experiments on the dog Naf constituted an exception. After administration of both, labelled protein and me- 
thionine labelled with S* the rate at which the labelled products entered the blood was not different from the 
normal conditions; in this dog, however, as we mentioned above, the evacuatory function of the stomach was 
slowed down after the operation. 


Repeated investigations, carried out on one and the same dogs after the resection showed that the changes 
observed by us: rapid resorption and a high concentration of the labelled products in the serum soon after the ad- 
ministration of casein labelled with I" and methionine labelled with S* do not subside after a certain time but 
persist throughout the period of observation up to 16 months after the operation (See Fig. 1, 2 and 3). 


Observation of the animals’ weight showed that it decreased in the course of the 1st month following the 
operation by 2-4 kg. Later the dogs usually gained weight. No relation between the changes in the animals’ 
weight and the resorptive function of the digestive tract could be established. 


The results of our experiments broaden our conception concerning the role of the stomach in the regulation 
of the metabolism after food consumption. 


It can be assumed that the poor subjective condition so frequently observed after meals in patients who un- 
derwent stomach resection can be explained with the inundation of the blood by protein breakdown products. 


SUMMARY 


The speed of absorption of the splitting products of labelled I and S® methionine was studied in dogs at 
various intervals (ranging from 1 to 16 months) after partial resection of the stomach by the Billroth II method 
(Finsterer's modification). Experiments were staged on 10 dogs, 6 of which underwent stomach resection. 


After gastic resection there was an accelerated absorption of the = casein -splitting products from the di- 


gestive tract and a reduced rate of their disappearance from the blood. The changed absorption rate of the pro- 
tein-splitting products into the blood depends on the accelerated (in these conditions} gastric evacuatory function 
(x-ray investigations). Data obtained with I casein were confirmed by experiments with s® methionine ad- 
ministration per os to control and operated animals. Some changes in the process of intestinal absorption are re - 
tained by the animal for the subsequent period of the animal's life. The longest follow-up period after the opera- 
tion was 16 months. 
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It is well known that metabolic disorder, in particular disorders of lipid metabolism, form the basis of athero - 
sclerosis. In this metabolism the liver plays an important role. The formation and destruction of phospholipids, 
the formation of fatty acids and also apparently of lipoproteins, take place for the most part in the liver [14]. 


The immediate causes of disorders of lipid metabolism in atherosclerosis are still obscure. There are clin- 
ical and experimental data (2, 4, 9, 10, 11, 17] pointing to the influence of the higher nervous system on the 
genesis of changes in lipid metabolism and atherosclerosis, but the mechanism of these influences has not yet 
been discovered. 


Observations have been made [1] on the markedly increased secretion of cholesterol in the bile after liver 
desympathization in dogs, and on the effect of desympathization on adiposis of the liver caused by phlorizin. In 
the available literature we could not find data on the relative course of atherosclerosis after nerve section. 


Thus it appeared desirable to us to study the role of nervous regulation of the liver on lipid metabolism and 
on the course of experimental atherosclerosis; these were the problems of the present work. 


METHOD 


The investigation was carried out on 27 male rabbits of the same breed, 2.5-3 kg in weight; 15 of these 
were used in the experiments and 12 served as controls. The liver nerve sections were performed according to 
the method of I. M. Ishchenko [5], with minor variations. 


The operation took place under morphine narcosis (1 ml of 1% solution for each kg of weight), with con- 
tinuous administration of oxygen. After opening the abdominal cavity the tissues of the hepato-gastric ligament 
were laid back and the adventitia removed from the hepatic artery, portal vein and common bile duct; a 5% so- 
lution of phenol was applied to these. The adventitia was taken off the lower area of the vein for a distance of 
2-3 cm and then (after cutting the falciform ligament) also from the anterior surface between the liver and dia- 
phragm. 


Judging by the data in the literature [3, 7, 8], such an operation assures a functional effect, i.e., it causes 
corresponding changes in carbohydrate metabolism and in the composition of the blood. 


The control operation consisted of laparatomy, and was done under the same conditions as the partial de- 
nervation of the liver. 


Fourteen days after the operation the animals began to receive cholesterol in powder form, mixed with ve- 
getables or in a solution of sunflowerseed oil administered through a tube. Before the operation, 14 days after, 
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and then once a month, blood was taken from the ear and the cholesterol content determined by Sackets’s method, 
lecithin by Samson's method and the lipoproteins by paper electrophoresis. After the end of the feeding period 
the animals were killed by air embolism, and the aorta fixed in formalin and then stained with sudan III. 


RESULTS it 
4 Two series of experiments were conducted. In the first series, four contol and seven experimental animals S 
2 received cholesterol for 110 days, which they ate with shredded carrots (for the first two month, 0.5 and thereafter a! 
- 1.0 unit per day). In the second series the animals (eight control and eight experimental) received 0.5 cholesterol 
4 in 10 ml of sunflower seed oil for 100-81 days. 
| The blood lipid levels showed practically no effect of the partial section of the hepatic nerves. In the group 2 
2 of control rabbits the average cholesterol level 14 days after the operation was 77 mg % 4 8.3, with variations e 
2 from 144 to 150 mg%, in those with denervated liver, it was 76 mg% + 4.5, with variations from 64 to 110 mg” A 
4 The average lecithin level in the control group was 96.3 mg% 411, varing from 52 to 195 mg%; in the z 
= group of experimental enimals the average was 88mg% +9, varing from 57 to 114 mg%, The percentage of B- a 
4 lipoproteins in the control animals varied from 52 to 80, averaging 62 4 2.82, and in the experimental group a 
¥ varied from 51 to 85, averaging 63 # 2.82. Statistical analysis confirmed the absence of difference between the Z 
a TABLE 1 
q Changes in Blood Lipids during the Development of Experimental Atherosclerosis 
as | Group of rabbits 
ments Variation | Average Variation (%) 
q SERS2 level leve 
Cholesterol (in mg’) 
1) First 192-664 , 355438 167—450 | 308437 55 
Second 190—760 406 + 68 187—920 507+ 79 61 
2 First 150—964 4424-155 192—668 360+ 61 37 
a Second -| 250—1100| 4884113 300—1 400} 685 +87 81 
3 First + «| 342—940 720+111 267—990 543478 74 
Second ....! 300—496 4034 33 520—800 6314-43 97 
4 Lecithin (in mg’) ; 
a ||First. «95-267 161432 | 119-224 | 157413 0 
Second .... 76—310 197-+-28 162—282 193+15 0 
a 2 First 7+ + ef 90—279 163433 110—200 141414 55 
9 Second ..+ .| 114—466 239 +47 70—577 317+70 96 
3 First + 138—375 273446 133—353 257+ 26 22 
Second ... .| 60—428 199+ 55 129—411 254+30 43 
patio lecithin 
Cholesterol 
First « «| 0,40—0,72 | 0,53+0,037; 0,26—0,85 0,5540,06| 19 
4 Second... .| 0,36—0,72 | 0,514-0,05 | 0,25—0,94 | 0,4440,08 | 40 
2 First « « «| 0,28—0,60 | 0,4440,066) 0,24—0,68 | 0,4440,056} 0 
me Second ... .| 0,34—0,81 | 0,5240,065) 0.11—0,62 | 0,4540,07 | 50 
3 First + « «| 0,29—0,42 | 6,3740,093) 0,26—0,68 | 0,47+0,13 9 
Second -| 0,12—1,42 | 0,5640,16 | 0,20—0,55 | 0,404+0,04! 66 
<4 B-lipoproteins (in %) 
First 57—84 7343,7 60—85 6943,5 37 
Second .-.-- 63—89 78+5,1 84—100 89+3,1 88 
2 First 72—89 78 +4,4 56—99 7144,5 55 
Second .... 73—92 80+3 81—91 88+1,2 99 
3 First 57-87 60—184 77+10 73 
4 Second .... 56—100 84+6 84—100 89 + 22 93 
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blood lipid levels in the control and experimental groups 14 days after the operation (P for cholesterol was 23% 
for lecithin 37%, for beta-lipoproteins 0). After beginning administration of cholesterol there were in all animals 
as described in the literature (6, 12, 16), heightened levels of cholesterol, lecithin and beta-lipoproteins, with a 
lowering of the lecithin/cholesterol ratio. The data of all experiments are summarized in Table 1. 


In the first series of experiments no substantial difference was detected in blood lipid levels between the 
control and experimental animals. In the second series, review of the data gave the impression of a higher blood 


TABLE 2 


Indication of Aortic Atherosclerosis 


Series of experiments 
first second 
group of rabbits 


Degree of indication, 
atherosclerosis 


' 
experi- 
mental 


{ 


Marked. . 
Moderate . 
Weak 

Very weak - 


Total 7 | 


| experi- 


lipid level in the experimental animals than in the con- 
trols, especially in blood cholesterol] and 6 -lipoproteins. 
However, it was possible to confirm this statistically for 
cholesterol only 3 months after the beginning of feeding 
(blood cholesterol in the controls being 403 mg% 433, and 
in the experimental animals 631 mg% +#4.3), and for B- 
-lipoproteins 2-3 months after the beginning of feeding 
(the percentage of 8 -lipoproteins at two month was 80 
+3 in the controls and 8841.2 in the experimental ani - 
mals; atthree months it was 8446 and 8942.2 respective- 
ly). The levelof lecithin at two months also turned out 
to be higher in the experimental animals (317 mg% #70) 
than in the controls (239 mg% #47). However, the mag- 
nitude of the lecithin/cholesterol ratio did not differ sub - 
stantially between the experimental and control animals 
during the entire course of observations. 


Thus one can speak of some tendency to an inten- 


sification of the usual changes in lipid metabolism attendant upon cholesterol overfeeding in animals with dis- 
turbed neural regulation of the liver, in those cases where cholesterol is administered in sun flower-seed oil. 


It was naturally expected that in this group of rabbits, anatomical changes in the aorta (particularly in the 


second series) would show a tendency to aggravation. 


In Table 2 are shown the data on the relative indication of atherosclerotic changes in all animals. It is 
apparent that partial section of the liver nerves not only did not lead to greater anatomical changes in the aorta, 
but on the contrary distinctly inhibited the development of experimental atherosclerosis in the animals in both 
the first and second series of experiments. Thus if out of the 12 animals in the control group the indication of 
atherosclerosis could be described as marked in five, moderate in six and weak in only one, then out of the 15 
experimental animals in not a single one were there marked indications of atherosclerosis; in two rabbits the indi- 
cation was moderate, and in the remaining 13 weak or very weak. These facts indicate that the disturbance of 
neural regulation of the liver markedly influences the course of experimental atherosclerosis, in such a way as to 
hinder the deposition of lipids in the aortic wall. This action apparently is not connected with the influence of 


this liver operation on lipid metabolism. 


The tendency to aggravated hypercholesterolemia, and increased percentage of 8 -lipoproteins in particular, 
in the group of rabbits receiving cholesterol in sunflower-seed oil should lead to the intensification of atheroscler - 


otic changes in the aorta. 


The mechanism of the described inhibition in the development of experimental atherosclerosis under con - 
ditions of disturbed neural regulation of the liver is still obscure. It should be noted, however, that some cases 
are known in which there is no parallel development of cholesterolemia and experimental atherosclerosis. Cor- 
tisone, for example, aggravates cholesterolemia and inhibits the development of atherosclerosis [13]. 


In conclusion we feel it imperative to report some facts received when the present work had already gone 


to press. 


Histological investigations, kindly conducted by A. E. Seranova at various intervals (from 24 hours to 12 
days) after partial section of the nerves of the liver, have indicated that there is destruction only of individual 
nerve fibers in the liver. Leukocytic infiltration is seen in the connective tissue of the porta hepatis, vascular 
adventitia and around the nerve stems; hypertrophy of the fibroblastic elements is noted in the epineurium of the 
nerve stems, with proliferation and hypertrophy of the cells of Schwann. 
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It may be suggested that in all likelihood the inhibition of experimental atherosclerosis in our experiments 
depended mainly on the irritation of the neural conductors of the liver. 
SUMMARY 


The author studied the effect of liver denervation on the lipid metabolism and the intensity of anatomical 
changes in rabbit aortas during cholesterol administration, Animals in which laparatomy was performed under 
the same conditions as denervation served as controls. Some animals received cholesterol in sunflower-seed oil, 
others ~ mixed with vegetables. Some tendency to intensification of the usual changes occurring in the lipid 
metabolism following alimentary cholesterol load was detected in animals after liver denervation when choles - 
terol was administered in sunflower-seed oil, Liver denervation considerably inhibited the development of ana- 
tomical changes in the aorta irrespective of the method of cholesterol administration, The mechanism of this 
inhibitory effect is still obscure. Additional histological investigations of A. E. Seranova have demonstrated 
destruction of only individual nervous fibers. Leucocytic infiltration is seen in the connective tissue of the porta 
hepatis, vascular adventitia and around the nerve stems; hypertophy of the fibroblastic elements is noted in the 
epineurium of the nerve stems with proliferation and hyperttophy of the Schwann cells, 


It may be suggested that inhibition of experimental atherosclerosis in the aforementioned experiments 
depended mainly on the stimulation of the nervous conductors of the liver. 
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BIOCHEMISTRY AND BIOPHYSICS 


THE DYNAMICS OF THE CHANGES IN THE SORPTION PROPERTIES 
OF TISSUES FOLLOWING THE ACTION OF a@-RADIATION 
ON THE ORGANISM 


E. G. Dolgov 


From the Department of Roentgenology and Medical Radiology of the Semipalatinsk 
Medical Institute (Director: Docent K. Ch. Chuvakov) 

(Presented by Active Member of the Akad. Med. Nauk SSSR V. V. Parin) 

Translated from Byulleten’ Eksperimental ‘noi Biologii i Meditsiny, Vol. 51, No. 4, 
pp. 52-56, April,1961 

Original article submitted March 9, 1960 


In the development of changes occurring in tlhe organism after irradiation, an important role is played by 
the disturbances in tissue permeability; this is regarded by many authors as one of the most characteristic and 
essential components in radiation illness (3, 7, 8, 9}. 


The works of D. N. Naconov and co-workers (2, 11, 12, 13] have convincingly shown that the permeability 
of cells depends on the sorption activity of the protoplasm and its more important component part —the proteins. 
Numerous investigations, performed in this direction, have indicated that under the influence of various external 
factors there occur definite physico-chemical changes in the cellular proteins, as a result of which the capacity 
of the protoplasm to bind vital stains increases. Intensification of the tissue sorption properties subsequent to in- 
jury is explained by denaturing changes in the protein structures of the cells. 


It is known that disturbances in the protein metabolism regularly set in, and are the most important stage 
of radiation illness in the organism [5, 6, 10, 15}. 


Recently, isolated bodies of evidence have appeared in the literature on the genesis of denaturing changes 
in the protein molecules subsequent to the action of ionizing radiation on biological subjects. The occurrence of 
denaturation of the protein structures was discovered in an investigation of the binding of tagged methionine by 
irradiated proteins [13], by the use of immunological procedures [8], and by the study of the tinctorial properties 
of tissues [1, 3, 4}. However, the data obtained by the various investigators is, to an appreciable degree, contra - 
dictory. 


In line with the above, we attempted, in this work, to elucidate how the sorption properties of experimen- 
tal animals’ tissues are modified under the influence of gamma-ray radiation, and how the observed changes are 
caused. For this purpose we used the method of supravital staining, a delicate and sensitive index of the physio- 
logical state of cells [11, 14}. 


METHOD 


The experiments were performed on white rats of both sexes, 165-250 grams in weight, maintained on a 
normal mixed diet. The work was carried out on 145 white rats, 25 of which served as the control. The animals 
were subjected to whole-body radiation with gamma-rays from radioactive cobalt, in doses of 800 r (first series 
of experiments), and 400 r (second series). The irradiation was accomplished on the GUT -Co® -400 apparatus, 
with a dose output of 35.5 r/min. At various intervals after the irradiation we studied the sorption properties of 
the tissues in the experimental animals relative to the basic vital stains —neutral red (granular stain) and chrysoi - 
din (diffuse stain). 
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Within 6, 24, 48, 72 and 120 hours after the irradiation the animals were sacrificed by decapitation. The 
liver, kidneys, small intestine, spleen, lungs, brain, adrenals, and heart were quickly removed and place in Ring- 
er's solution for 20-30 min. Then the material under investigation was transferred to a 0.01% solution of neutral 
red and chrysoidin for staining; the stains were prepared in Ringer's solution without sodium carbonate. After 30 
min the organs were withdrawn from the stain soltuions, rinsed in Ringer's solution without sodium carbonate, and 
portions were dissected out from the middle which were transferred to a test tube for extraction of the stains. The 
test tube contained a determined, accurately measured, amount of 70° alcohol, acidified with sulfuric acid. Fol- 
lowing extraction, which lasted 24 hours, the alcoholic extract was measured colorimetrically, using the concen- 
tration colorimeter KOL-1M, and the amount of stain taken up was calculated per 1 gram of weight of the organ. 
We set up the experiments with the non -irradiated rats under the same conditions. 


The amount of bonded stain in the tissues of the irradiated animals was expressed in percents of the figures 
for the controls, the latter being taken as 100%, 


All the data obtained in this investigation were subjected to variation-statistics treatment. Shifts in the 
sorption activity of the tissues were considered to be valid when the criteria of statistical significance for the dif- 
ferent figures was equal to or greater than 3. 


RESULTS 


The data on the binding of neutral red and chrysoidin by the organs and tissues of the white rats at varying 
periods after the irradiation are presented in Tables 1 and 2. 


In the rats irradiated with a dose of 800 r(Table 1) there was a statistically significant elevation in the ab- 
sorption of the stains in the liver, kidneys, small intestine, spleen and lungs. 


The nature of changes noted in the different intervals of the investigation was varied. Within 6 hours after 
the irradiation a statistically significant intensification of the sorption properties took place only in the small in- 
testine and spleen. 


After 120 hours the changes in the sorption level for the majority of the organs investigated were insignifi- 
cant. 


A statistically reliable elevation in the staining capacity of the tissues was basically observed 24-72 hrs af- 
ter the irradiation. In this period the elevation in sorption activity was observed in the small intestine, spleen, 
kidneys (after24, 48, 72 hr ), lungs (after 48 and 72 hr ), and liver(72 hr after irradiation). In comparing the 
sorption properties of the tissues the most intensive accumulation of stains was noted in the small intestine and 
spleen. Elevation in the binding of the stains attained its maximum on the 3rd day after the irradiation. 


We did not observe an increase in the absorption of the stains by the tissues of the adrenals. Within 120 hr 
after radiation exposure we noted a statistically significant lowering of the sorption level for this tissue. 


No disturbances in the tinctorial properties of the brain and heart muscle were found in any of the periods 
of observation. 


Under conditions of irradiation with a sublethal dose of gamma-rays (second series of experiments) the pic - 
ture of the changes in the tissue sorption properties was somewhat different. In this cas the most manifest and re - 
gular changes were noted 48 and 120 hrs after irradiation. Statistical analysis showed that the elevation in the 
sorption level was significant for the small intestine and spleen (24, 48, 72 and 120 hr after irradiation), the lungs 
(after 48, 72, and 120 hr ) and the kidneys (after 48 and 120 hr ). In the remaining organs investigated (liver, 
brain, adrenals, heart) the difference between the experimental animals and the control was statistically insigni - 
ficant by the variation method. As can be seen from Table 2, the accumulation of stains in the tissues of the 
animals taking part in this series of experiments was smaller than with the irradiation at a higher dose. Twenty - 
four hours after the irradiation a significant lowering was noted in the staining capacity of the adrenals. 


Analysis of the results obtained shows that following the action of gamma _-radiation on the organism patho- 
logical changes arise in a number of vital internal organs, which are manifest by an elevation in the sorption ac - 
tivity of the tissues in relation to vital stains. Changes in the sorption capacity of the cellular elements takes 
place even in the early stages of acute radiation illness and increases in the later stages of the disease. The al- 
terations noted bear a phasic character, and depend on the seriousness of the radiation illness. 
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In accordance with the data in the literature, the observed changes in the tinctorial properties of the tissues 
can be explained by denaturing changes in the cellular proteins, which arise in the organism after exposure to ra- 


diation. 


Thus, the observed changes in the sorption properties are related to the varying depth of the tissue injury, 
and reflect the dynamics and character of the pathological disturbances in the organism resulting from the pro - 


gression of acute radiation sickness. 


SUMMARY 


Experiments were conducted on albino rats irradiated with various doses of gamma rays (800 and 400 r). 
The method of supravital staining was used to study the sorptive properties of tissues at different periods after 
irradiation. In 6-120 hours afterirradiation, the tissues of the small intestine, spleen, kidneys, lungs and liver 
showed increased sorption of the stain. Denaturing changes of the cellular proteins were present in the irradiated 
organism, The character and the extent of the changes detected depended on the dose and the interval after 
the irradiation. 
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MITOGENETIC RADIATION OF THE NEUROMUSCULAR SYSTEM 


AS A METHOD OF ANALYSING ITS MOLECULAR SUBSTRATE 
REPORT III. THE REGULATING EFFECT OF THE SPINAL CORD CENTERS ON THE MOLEC- 


ULAR SUBSTRATE OF THE MUSCLES AT DIFFERENT AGE PERIODS OF THE ANIMALS 


AND THE SIGNIFICANCE OF THIS REGULATION FOR THE MUSCLE METABOLSIM 


A. A. Gurvich, V. F. Eremeev,and M. A. Lipkind 


From the Office of Mitogenesis (Head: A. A. Gurvich) of the Institute of Normal 
and Pathological Physiology (Director: Active Member of the Akad. Med. Nauk 
SSSR V. V. Parin) of the Akad. Med. Nauk SSSR, Moscow 

(Presented by Active Member of the Akad. Med, Nauk SSSR V. V. Parin) 
Translated from Byulleten’ Eksperimental ‘noi Biologii i Meditsiny, Vol. 51,No. 4, 
pp. 57-61, April,1961 

Original article submitted April 25, 1960 


In previous publications[{2,3,6], data were presented on the antibathic processes (processes of a reverse na- 
ture) arising in spinal cord centers (presumably areas rich in cells—the motor cells of the anterior horns, the inter - 
neurons) and in muscle fibers (neuromuscular junctions). 

The action of the muscles imparts a prepolymer character to the substrate, while the effect of the centers, 
on the other hand, results in a dispersed arrangement. The resultant state of the neural and muscular substrates 
is extremely labile, and may be characterized as a state of unequilibrated molecular regularity.* The unequili- 
brated nature of the substrate in the muscle fibers has been demonstrated particularly clearly during the resting 
state of the muscles in experiments in situ. 

Along with this, a previous report [3] introduced the concept of the constant regulation of the three-dimen - 
sional parameters in the molecular substrate of the muscles as a specific physiological phenomenon. 


Further study of this regulation, serving as the goal of the present work, was carried out in the following di - 
rections. 

1. We studied the evolution of the molecular substrate character in the muscles throughout the develop- 
ment of the animal, i.e., in the period when the full functional relationships are formed. 


2. We studied the action of the centers on the muscle substrate as a factor limiting and, in this way, regu- 
lating the character of the metabolism. In this case we were thinking of mediators, specifically acetylcholine. 
Reducing the influence of the centers, we investigated the possibility of acetycholine arising under this condition 
in a resting muscle. 


METHOD 


The first part of the work was performed on rabbits, the second, on frogs. We investigated the mitogenetic 
radiation of the gastrocnemius muscle in the resting state within the living animals. The adult rabbits were se- 
cured to a horizontally placed stand. The muscle was exposed, and the radiating area, 10-12 mm’, was delineat- 
ed in the upper portion. The detector was placed at a distance 10 mm from the muscle. The same conditions 
were observed in the work with the young rabbits, except that because they were so active it was necessary, in ad- 
dition to the regular fastenings, to hold them in place manually. 


* The unequilibrated state of the molecular substrate in living systems is one of the basic concepts in the problem 
of mitogenesis [4]. This state, of course, does not exclude the presence of myosine protein chains, etc. 
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The adult rabbits were also left in the horizontal positon for the spectral analysis of the radiation, directed 
into the objective aperture of the spectrograph® by reflection from a concave mirror. The young rabbits were 
placed in a the vertical position, directly in front of the spectrograph aperture. 


The frogs were also centered in the vertical position, fastened to a cork disk. 


Degradation radiation (3, 4, 6] was caused by irrigation of the muscle with chilled physiological saline(6-8° 
for the rabbits, and 1-2° for the frogs). 


Separation of the narrow spectral bands was accomplished with the aid of a monochromatic aperture. How- 
ever, the majority of the data was obtained by coarser separation of the spectrum into portions 100 A in width. 


The biodetection method was used for the observation of the radiation. This method has been described in 
detail in a number of publications [4, 5, 6]. 


TABLE 2 


TABLE 1 


Radiation Spectra of the Rabbits * Gastroc- Intensity of the "Resting" and Degradation on Radiation of the 


nemius Muscle Gastrocnemius Muscle in Rabbits at Various Age Periods 
Resting Degradation: Degradation 
‘ — radiation radiation Resting radiation radiation 
expo- jeffect expo- effect 
(in A) 15-18 secondls-8 second (in %) (in %) 
exposure | exposure sec? sec 
| effects (in %) 


1 900—2 000 3 
2 000—2 100 4 3 

2 100—2 200 5 28 4—5 27 
2 200—2 300 52 45 2—3 —10 
2 300—2 400 4 0 16 es 6 4—5 20 
2 400—2 500 3 2—3 48 
2 500—2 600 6 | 5 

2 700—2 800 i 13 8 45 

2 800—2 900 10 anf} 

2 900—3 000 4 

3 000—3 100 5 

3 100—3 200 —3 — Note: Averages of the figures from 2 trials are presented. 


** The threshold exposures are indicated in boldface type. 


RESULTS 


Note: Averages of 5 trials are presented in 
column 2; averages of 2 trials are presented 
in column 3. Just as in the case of the spectrum described for the corre- 

sponding muscle in the frog [3], the radiation spectrum of the gas- 
trocnemius muscle in the adult rabbit is characterized by a single radiation maximum in the range of 2200-2300A 
(Table 1). Only with finer separation was a small difference seen in the spectra: the greatest radiation intensity 
for the frog muscle lay in the range 2000-2260 A, while for the rabbit it was in the range 2210-2270 A. 


The same type (as in the frog) and spectrum of degradation radiation was seen to arise in the rabbit muscle 
in association with its cooling. 


Spectral analysis of the radiation encountered in the resting gastrocnemius muscle of the rabbits in the dif- 
ferent age periods yielded results which are presented in the figure. 


The clear evolution of the spectra toward reduction in the number of active bands makes these data com- 
pletely conclusive, despite the small number of animals. The radiation spectrum of the muscle in the 16-day 
old rabbit is already comparable to the spectrum observed in the adult animals. It must be noted that at this age, 
i.e., after maturation of the animal, degradation radiation of the muscle also acquires the same spectral compo- 
sition. 


* Fuess Quartz Spectrograph, possessing adequate dispersion. 
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TABLE 3 


1900 2000 2100 2200 2300 2400 2500 2602 2700 2600 2900 5000 3100 5200 


Spectra of radiation encountered in the resting gastroc- 
nemius muscle of the rabbits at various age periods: 
1) 1-2 days; 2) 4-5 days; 3) 9 days; 4) 16 days; 5) adults. 


Cord Centers (the acetylcholine line is shown in boldface type) 


Wave length 


(in A) 


1 900—1 930 
1 930—1 960 
1 960—2 000 
2 000—2 100 
2 100—2 200 
2 200—2 300 
2 300—2 400 
2 400—2 500 
2 500—2 600 
2 600—2 700 
2 700—2 800 
2 800—2 900 
2900—3 000 
3 000—3 100 
3 100—3 200 


Note: The averages of two trials are presented in column 3, and the aver- 
ages of 3 trials in column 6. 


| Exposure 


(in seconds) 


Effect 


(in %) 


Wave length 


(in A) 


1 940—45 
1 945—50 
1 950—55 


2 330—35 
2 335—40 
2 340—45 


2 370—75 
2 375—80 
2 380—85 


2610—20 
2620—30 
2 630—40 


Exposure Effect 
(in seconds) |(in % 
20—30 0 
20—30 40 
20—30 —10: 
20—30 6 
20—30 39 
20—30 0 
20—30 3 
20—30 45 
20—30 6 
20—30 0 
20—30 60 


20—30 


The entire body of results permits drawing the following conclusions. 


These data make it possible to postulate that the molecular substrate of the muscle fibers gradually acquires 
the character of an unequilibratedly regular system. The data were supported by the results obtained from com- 
paring the intensity of “resting” and degradation muscle radiation in the young and adult rabbits (Table 2). 


Intensity and threshold duration were inversely velated: I.t = const. (5, 6](I—intensity, t—threshold exposure). 
In these experiments the constant radiation area (10 mm *) was strictly observed, as was the constant distance of 
the detector from the muscle, 10 mm. 


Radiation Spectrum of the Frog Gastrocnemius during Cooling of the Spinal 


Thus, we can speak of significant intensity of the resting radiation from the rabbit muscle at early ages of 
the animals, and of approximately the same elevation in the intensity of the degradation radiation, beginning 
with the rabbit's second weak of age. 


In the first days following the birth of the animal the radiation of the muscle in the resting state is direct- 
ly related to metabolic processes, and must be very varied in that period. Later the radiation arises as a result of 


5 3 
1 4 
q 8—10 0 
8—10 12 4 
8—10 3 
8—10 —3 
a 8—10 —6 
4 8—10 —8 
8—10 12 
4 8—10 6 nod 
8—10 
8—10 33 Ve 
4 8—10 16 
| 
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natural disturbances in the unequilibrated molecular substrate, i.e., appears as degradation radiation of a physio- 
logical type. Energy for the support of this unequilibrated state is supplied by the muscle metabolism. The three- 
dimensional regularities in the substrate's molecular order reproducible in general outline, are, as we already 
stated earlier, the product of an uninterrupted interaction of processes whose sources are the centers and the mus- 


cles. 


Judging form the evolution of the spectra, the general steric regularities of the substrate gradually transform 
into more well defined structural parameters. Nevertheless the state of the substrate completely retains its une- 
quilibrated character, i.e., requires a considerable expenditure of energy for its support. * 


This latter conclusion leads to the concept, already advanced earlier, that the resting state of the neuro - 
muscular system must be regarded as an active setting, and emphasizes that a high energy potential is specific 
for the muscle resting state .* * 


Judging from the low intensity of the “resting” radiation of the muscle, it is consumed very expeditiously 
and economically. The unequilibrated structural state of the substrate doubtlessly aids this. 


We considered it of interest to compare these data with the results of detailed investigations by I. A. Arshav- 
skii and V. D. Rozanova (1, 8], demonstrating a low lability and excitability, and also low resistence of the neuro - 
muscular apparatus in the early age periods of the animals, and elevation of these properties with development of 
the animal. The gradual formation of the unequilibrated structural arrangement corresponds to the rise in lability 
and excitability. The constant reproducibility of the structural arrangement formed may serve as one of the fac- 
tors elevating the resistence of the muscle tissue. 


But along with this the question may be raised as to whether such dynamic constancy of the structural ar - 
rangement does not serve as the kind of regulating factor which limits the accomplishment of various chemical 
activities. 


In this case, reduction in the interaction between the spinal cord centers and the muscles could lead to “en- 
richment” of the spectrum for the resting radiation of the muscle and to inclusion of bands in it which are charac - 
teristic of metabolites not found under normal conditions. We settled on acetylcholine, whose spectrum is not 
observed during analysis of the resting radiation from the frog gastrocnemius muscle, and which arises during its 
excitation [7]. The experiments presented below were also carried out on frogs. 


Reduction of the action of the centers was accomplished by cooling them. This, along with direct stimula- 
ting action, yields an increasing inhibitory effect on the enzymatic activity of the tissue, i.e., indirectly also on 
the functional activity of the centers. 


A flat piece of ice from frozen phsiological saline was affixed to the corresponding portion of the vertebrate, 
which had first been freed of the muscles covering it. After 5-8 min we began the spectral analysis of the radia - 
tion from the gastronemius muscle (Table 3). 


We see, in this manner, that not only the general character of the spectrum changed, but weak acetylcho- 
line lines also arose. The parallel occurrence of these two phenomena are of great interest from out point of view. 


These data thus confirm the concept that regulation of the structuro-energy state in the molecular substrate 
of the muscle in association with the overall state of all systems involves the principle of limiting the various chem - 
ical processes, i.e., it determines, to a definite degree, the character of the metabolsim. 


In line with this one must refer to the additional orientating data, showing that with adequate excitation of 
the muscles there occurs an “enrichment” of the total radiation spectrum in addition to the simultaneous genesis 
of acetylcholine. 


SUMMARY 


The authors present data which broadens the concept of the regulatory effect exerted by the spinal cord 
centers on the molecular substrate of muscles. Evolution of mitogenetic spectra of the resting rabbit gastrocnemius 
(connected with age) and the prevalence of mitogenetic radiation of degradational type in adult animals point 

to the gradual formation of the nonbalanced structural state of the substrate. 


* The concept that a more limited spectrum reflects greater uniformity of the substrate's structural organization 
has been completely substantiated. 


** Especially manifest, apparently, for heavy muscles. 
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It was shown that the nature of metabolism is also conneeted with the substrate regulation. This follows 
from the altering of the mitogenetic spectrum lines of the resting frog gastrocnemius caused by reduced influence 
of the centers. In such conditions, the spectrum contains acetylcholine lines as well. 
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cover English translations appears at the back of this issue. 
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SULFHYDRYL GROUPS OF THE TISSUES OF THE SUBMANDIBULAR 
SALIVARY GLANDS AFTER INTERFERENCE WITH THEIR PARA — 
SYMPATHETIC INNERVATION 


V. M. Rubel’ 


Biochemical Laboratory (Head: Professor V. M. Rubel’), Institute of Normal 
and Pathological Phsyiology (Director: V. V. Parin, Full Member of the 
Academy of Medical Sciences, USSR), Academy of Medical Sciences, USSR 
Moscow 

(Presented by Active Member AMN SSSR V. V. Parin) 


Translated from Byulleten' Eksperimental ‘noi Biologii i Meditsiny, Vol. 51, No. 4, 
pp. 62-66, April,1961 
Original article submitted March 19, 1960 


It was shown in an earlier publication from this laboratory, dealing with the biochemistry of secretion, that, 
following prolonged secretion (2 hours) by the submandibular salivary gland of cats which had been given pilocar- 
pine, the free sulfhydryi groupcontent of the proteins of this gland fell considerably, while that of its non-protein 
constituents rose [3]. This process coincided in time with fall in mucin content of the tissues, and with increase 
in them of other proteins, soluble in 0.2% KH 2PQ,, and not precipitated together with mucin [5]; certain changes 
in posphorus metabolsim were also associated with the process (1}, These effects were not observed when secre - 
tion was inhibited by the action of atropine. 


In the present paper we examined the effects on tissue metabolsim of abolishing central parasympathetic 
control of the submandibular gland, by division of the chorda tympani. Changes in the activity of the submandi- 
bular glands following this operation, in particular, their enhanced sensitivity to a. number of pharmacologically 
active agents, have been reported by a number of authors (6, 7, 9, 10}. StrSmblad [10] found a considerable fall 
in the activity of certain enzymes, and in the respiratory rate of the gland tissue, following division of the chorda 
tympani. 


METHODS 


The chorda tympani of cats was severed at the point where its fibers merged with the lingual nerve to pro- 
ceed to the submandibular salivary gland. The operation was similar to that performed by Str8mblad in his ex- 
periments. As a result of the operation central parasympathetic impulses no longer reach the gland, and certain 
afferent connections are abolished; the gland is no longer capable of reflex secretion. So-called paralytic secre - 
tion was not observed. Secretion in response to pilocarpine was not abolished, although its nature was somewhat 
altered —more protein was secreted, and the amount of saliva fell, as has been shown by G. V. Chernysheva [5]. 
The operation was performed unilaterally on some of the cats, and bilaterally on others. As controls we took the 
glands of healthy, intact cats. For unilaterally operated cats, we examined the metabolism both on the operated 
and on the contralateral side, with intact innervation. The glands were taken for analysis 7-8, 14-15 and 20-21 
days after the operation, by which time the secretory process showed the greatest deviation from normal. At all 
these times, the glands were analyzed both in the resting state, and after pilocarpine stimulation. 


The animals were killed by decapitation, and the glands were quickly removed, frozen in carbon dioxide 
snow, group up to a powder and portions of powder were taken for analysis. The free sulfhydryl group content was 
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determined according to Tsiperovich and Loseva [4], and the non-protein sulfhydryl content according to Grunert 
and Phillips [8]; the protein sulfhydryl group content was given as the difference between these two values (the 
analytical error amounted to about 10%). 


Protein and non-protein nitrogen was determined by precipitation of proteins with trichloroacetic acid, fol- 
lowed by Kjeldahl digestion. The dry content of the tissues was also determined. The content of components 
was calculated per gram of fresh tissues, as well as per gram of dry tissue, in view of fluctuations in the water 
content of the glands. The values given in the tables represent the means of 10-15, and in some cases of 20 a- 
nalyses, for each of which two cats were taken. 


RESULTS 


The weight of the glands fell continuously following division of the chorda tympani, being 27.5-33% less 
on the 20-21st day after operation than the contralateral gland (see table). The dry content of the glands also 
fell somewhat after denervation, from 24-25 to 21-22%; the greatest difference was found after two hours of pilo- 
carpine-induced secretion, when it fell from the resting value of 21% to 16-18%, this difference being greater 
than for intact glands following denervation was reflected by a rise in their water content (on the average, by 
12.4%), 


The water content of both intact and denervated glands rose after administration of pilocarpine, by 5.94- 
-6.4%, on the average. This effect was not found, however, in the contralateral glands of unilaterally denervated 
cats; there was scarcely any change in their water content, although their secretory activity was the same as in 
intact animals. 


After unilateral denervation, the protein nitrogen content of resting denervated gland tissue varied within 
the range 84.4-90.9 mg per g dry weight (see table), while the contralateral gland contained 64.2 mg per g dry 
tissue. The non-protein nitrogen content rose after denervation from 12.7 to 18.5-21.5 mg per g of dry tissue, 
both on the denervated and the contralateral side. 


The protein nitrogen content of the tissues rose following pilocarpine-induced secretion, very slightly in 
the glands of intact animals, but markedly more so in operated animals, particularly in the contralateral glands. 


Non -protein nitrogen fell in all cases following secretion, except for bilaterally operated animals. 


tein N 
Correspondingly, the value of the ration 5 a rose steeply after secretory activity of intact glands 


(from 6.61 to 11.1, i.e., by 75.5%), and even more so in the contralateral glands of operated animals (from 3.8 

to 7.72, i.e., by 103%), The value of this ratio rose much less in the denervated gland of a unilaterally operated 
animal (from 4.4 to 5.83, i.e., by 32.5%), while after bilateral denervation the value even fell. This last finding 
is in accordance with G. V. Chernysheva's results [5]; she reported that the soluble protein content of these glands 
fell very steeply following pilocarpine-induced secretion. It would appear that during pilocarpine -stimulated se - 
cretion of the glands of intact animals the loss of soluble proteins is compensated to a large extent by their syn- 
thesis. 


As far back as 1890, I. P. Pavlov drew the following conclusion from the results of his investigations of the 
nitrogen balance of the submandibular salivary gland: "When the secretory nerve of the gland is stimulated, 
breakdown and restitution proceed side by side” [2]. 


This process is adversely affected when the parasympathetic links between the gland and the central ner- 
vous system are severed, in particular when the chorda tympani is divided bilaterally. 


The content of protein sulfhydryl groups rose somewhat in denervated glands (see table), in particular on 
the 21st day after the operation (on the average 2.748 mg per g of dry tissue), as compared with 2.250 mg for in- 
tact glands. High levels (2.978 mg) were, however, also found in the intact contralateral glands of operated an- 
imals. This rise in the protein SH-group level proceeded gradually, beginning with the 14-15th day after oper- 
ation, and in particularly clearly shown when calculated for the whole gland. The content of non-protein SH - 
groups rose after denervation, this effect being particularly evident by the 20-21st day. The ratio of protein to 
non-protein SH groups fell correspondingly after denervation. 


As reported by us earlier, the contents of both protein and non-protein sulfhydryl groups changed consider- 
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. ably during pilocarpine-stimulated secretion by intact glands. This suggested that reconstruction of proteins took oa 
E place in the gland during its secretory activity. We have now examined this process in glands deprived of central ‘ 
3 parasympathetic innervation. The changes taking place in denervated and conwalateral glands following admin- 

istration of pilocarpine are of particular interest. Following unilateral denervation, the protein SH-group content oi 


of the denervated gland scarcely changed at all after secretion, while the content of non-protein SH-groups not 
only did not rise, as is the case in intact animals, but it even fell appreciably, from 0.239 to 0.185 mg per g of 

L: dry tissue. The corresponding changes found after administration of pilocarpine to bilaterally denervated animals 
“4 are also significant. The content of protein SH-groups rose from 2.345 to 2.654 mg after the action of pilocar- 
pine, while that of non-protein SH-groups fell from 0.277 to 0.108 mg. Thus the ratio of protein to non-protein 
SH-groups not only did not fall after pilocarpine-stimulated secretion of denervated glands, as is the case in in- 
tact glands ( -65%), but, on the contrary, itincreased, by 59% for unilaterally denervated animals, and by 188% for 
bilaterally operated ones. The changes in the value of this ratio following secretion by the contralateral glands, 
with intact innervation, are very distinctive. The content of free sulfhydryl groups, both protein and non-protein, 
rose in the resting gland, while after pilocarpine-stimulated secretion (according to G. V. Chernysheva [5], this ; 
secretion does not differ, qualitatively or quantitatively, from that found in intact cats) a fall was observed in ee 
the contents of both protein and non-protein free SH-groups. 


As indices of the state of the gland proteins, we also derived the ratios of the amounts of free protein and 
non-protein SH-groups of gland tissue to its protein and non-protein nitrogen contents (see table). The ratio of 
protein SH-groups to portein N was 0.0303 for unilaterally denervated glands, and 0.0290 with bilateral denerva- 
tion; these values fell after pilocarpine -stimulated secretion. The ratio fell more steeply in contralateral glands, 
4 actively secreting saliva of normal composition. An appreciable fall in the ratio of non-protein SH-groups to ee 
non-protein N was found for secreting denervated glands, especially for bilaterally operated animals, whereas the o 
value of the ratio rose in the contralateral glands of unilaterally operated cats. 


The differences in the content of free sulfhydryl groups in the tissues of denervated glands must be related a, 
to differences in their functional state following unilateral or bilateral severance of central parasympathetic con- 
nections, the effects of which include changes in their metabolism, in particular, their protein metabolism, and 
in the activity of their functional groups. ae 


a Under these conditions, the secretory processes of these glands, their tissue metabolism, and their contents 
of protein and non-protein free SH-groups, are also differently affected by pilocarpine stimulation. 


4 The changes found in the contents of free protein SH -groups (the ratio protein N ) and of non-protein ni - a 
non-protein SH 
q trogenous compounds (the ratio oN) of glandular tissue, both following denervation, and after pilo- = 


carpine -stimulated secretion, constitute evidence of the existence of qualitative changes in the tissue proteins of 
the glands in the pathological states under examination. 


The differences in the metabolic disturbances found after unilateral and bilateral denervation suggest the 
a presence of mutual regulatory mechanisms acting between these paired organs. The characteristic changes ob- ee 
. served in the contralateral glands may be supposed also to be related to such mechanisms. 


te Our findings point to the importance of the role of central parasympathetic control in maintaining physio - a ; 
logical levels of secretion and of metabolism of the submandibular salivary glands. 


SUMMARY 


% The metabolism of the submaxillary salivary gland tissue (particularly the content of protein and retention 
x nitrogen, free protein and nonprotein sulfhydryl groups) is seen to change following the exclusion of the central 
parasympathetic effect by chorda tympani division. These changes develop gradually and are distinctly seen on “4 
: the 20th-21st day after the operation. They are similar for unilateral and bilateral denervation, but each type % 
a of denervation has its characteristic features, With unilateral denervation the metabolism of the contralateral i 
q gland is also altered; however, these changes are not marked and differ qualitatively from those in the denervated 
glands. 
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DETERMINATION OF CEREBROSIDES IN DIFFERENT PARTS 
OF THE BRAIN OF RABBITS SUFFERING FROM GENERALIZED 


TETANUS 


M. Sh. Promyslov and G. G. Amarantoya 


Biochemical Laboratory (Head; Professor V. M. Rubel’), Institute of Normal 

and Pathological Physiology (Director: V. V. Parin, Active Member, Academy 
of Medical Sciences, USSR), Academy of Medical Sciences, USSR, Moscow 
(Presented by S. E. Severin, Active Member, Academy of Medical Sciences, USSR) 
Translated from Byulleten’ Eksperimental ‘noi Biologii i Meditsiny, Vol. 51,No. 4, 
pp. 66-70, April,1961 

Original article submitted April 14, 1960 


The study of the cerebrosides of the brain has led to the suggestion that these substances may, in certain 
functional states of the central nervous system, serve as energy -producing substrates for the brain[1, 2,3} We 
have advanced this as an explanation of the fall in cerebroside content of the brain of rabbits in a state of gener - 


alized tetanus [4]. 
In order to ascertain whether these changes affect the whole brain, or parts of it only, we determined the 


cerebroside content separately for the left and right hemispheres, the cerebellum, the brain stem, cortical grey 
and white matter, and the subcortical formations of the cerebral hemispheres of the brains of rabbits in health 


and in generalized tetanus. 
METHODS 


A lethal dose of tetanus toxin was injected into the left hind leg of rabbits. The animals were sacrificed 
7-8 days later, when they were in a pre-agonal state. The brain was washed free of blood, and was dissected in- 


to its various parts. 


These were all treated in the same way. The tissues were ground up with trichloroacetic acid, the homog- 
enate was centrifuged, the sediment of proteins and lipids was washed with distilled water, and then extracted 
in a Soxhlet apparatus. Extraction was performed sequentially with acetone, ether, and 1:1 chloroform -metha- 
nol mixture, extracting for 12 hours in each case. 


The residue after elimination of the solvents was hydrolyzed with 10% sulfuric acid for 2 hours on a boil- 
ing water bath. Galactose was determined in the hydrolyzate by the anthrone method. The cerebroside content 
was derived from the galactose content thus found. In all cases we express the galactose content as percentages 
of the dry protein content of the given material, this being the most stable reference basis for this type of experi - 
ment. 


Parallel determinations of galactose were made for material from normal animals and for those in a state 
of generalized tetanus. We found considerable individual variations between the galactose contents of the same 
parts of the brain, even for normal animals. The widest variations were found for the grey and the white matter 
of the cortex. Fairly standard results were, however, obtained for the cerebroside content of the whole brain of 
normal animals 
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TABLE 1 TABLE 2 


Cerebroside Galactose Content of Rabbit Cerebellum Cerebroside Galactose Content of the Brain Stem 


of Rabbits 


Protein con- 


Wt, of galac- Galactose content 


Protein content | Galactose (as % 
tent (mg dry (as %dry protein Galactose 
tose (mg) yP of dry protein 
weight) content) (mg) (mg dry wt.) poten bm 


Normal Normal 


,50 254, 4 3,73 
2,94 7,00 217° 4 3,22 
8,70 243'2 3.55 
8,25 214°9 3:83 
241'0 4,08 
8.58 183.7 4.67 
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TABLE 3 


Cerebroside Galactose Content of the Cerebral Hemisphere of Rabbits 


Right hemisphere Left hemisphere 


protein galac- protein alac- 

galactose content content as 

(mg) dry (mg dry pot ary 

weight) rotein weight) | protein 

Pontent content 

Normal 

6,24 300 ,6 2,07 5,74 302,5 1,89 
6.60 296.2 6, 60 9283/2 2.33 
6.84 30671 2:23 7:06 294'3 2.29 
6,74 304,5 2,21 7,00 306 ,6 2,33 
6,12 274,8 2,22 6,48 278 ,9 2,32 
5,76 263, 3 2,18 5,76 231,7 2,48 
6,00 277,9 2,15 5,62 284 ,5 1,97 


& 


: 
3,40 115,2 
2,83 115,6 
3,00 138,8 
2,33 93,2 
2,86 127,1 
2,77 100, 1 2,78. 
3,37 125,4 2,68 Mean | | 
Mean | 2,53 Tetanus 
10,00 250,2 3,90 
Tetanus 8,24 224 ,3 3,67 
6,00 159, 1 3,77 
7,92 198, 1 3,99 
‘ 3,10 107,9 7,50 168, 7 4,44 
“ 2,99 96,8 9,40 239 6 3,92 
3,60 152,4 6,84 179 2 3,81 
2'80 102.7 
3,12 109, 1 Mean 3,92 
3,86 138,8 
4 
| 
Mean | | 2,18 | Mean | | 
Tetanus 
ns 6, 343,5 1,74 6,98 327,2 2,11 2 
4. 262'3 1.66 5,40 2'04 
5, 287 , 4 2,00 6,12 263,6 2,32 
4, 279 1,74 6,56 275,0 2,38 
4, 261 1,71 5,72 258 ,5 2,21 
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TABLE 4 TABLE 5 


Cerebroside Galactose Content of the Gray Matter Cerebroside Galactose Content of the White Matter 
of the Cortex of the Cerebral Hemispheres of the Cortex of the Cerebral Hemispheres 


Gat ( Protein content|Galactose (as % Protein content 
alactose (mg) of dry protein actose (mg of dry protein 
(mg dry wt.) (mg dry wt.) |contén ) 


Normal Normal 


298 ,4 0,97 

103 ,0 1,02 44,0 
0,83 49,9 
1010 
203 , 2 27,6 
183 ,4 19,4 


—— 
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Tetanus 


113,9 
107,5 


RESULTS 


Cerebroside Galactose Content of the Subcortical The galactose, and hence the cerebroside, content 
Formations of the Cerebral Hemispheres of the cerebellum of rabbits in a state of generalized tet- 


- a anus was not found to differ from that of normal rabbits 
Protein con- Galactose(as %o (Table 1) 

Galactose(mg) | tent (mg dry of dry protein ‘ 
weight 5 
os content) The data of Table 2 show that the cerebroside con - 
Normal tent of the brain stem of normal and tetanic animals was 

247.8 the same in both cases. 
302;5 
317,3 
375 
385 
370,8 
359 


Analyses of the cerebral hemispheres showed that 
the cerebroside content was smaller in tetanic than in 
normal rabbits, and that the difference was greater for 
the right hemisphere (Table 3). 


It should be noted that the lethal dose of toxin was 
administered by injection into the left hind leg. 


It follows that the cerebral hemisphere contralat- 
eral to the site of injection is affected more by the tox- 
in than is the ipsilateral one. 


In the next series of experiments we analyzed an- 
atomically different parts of the cerebral hemispheres. 
The data of Table 4 show that the cerebroside content 
of cortical gray matter was the same in normal rabbits 
and in those with generalized tetanus. 


wn 


7,65 
7,16 
7,24 
8,01 3 
3,13 32,2 9, 66 
Mean | | 8,01 
a 
1,24 1,08 Tetanus 
2,70 290, 4 0,90 3,46 40,7 8, 
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Mean | | 9,52 
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A rise in the cerebroside content of cortical white matter was found in a number of cases in the experimen+ 
tal animals, amounting on the average to 18.6%(Table 5). 


The most clear-cut results were obtained for the subcortical formations of the cerebral hemispheres (Table 
6). In all the experiments the cerebroside content was lower by an average of 32% than in the normal rabbits. 


It may be concluded from our findings that a state of generalized tetanus leads in rabbits to a considerable 
depletion of the cerebroside content of the subcortical formations of the cerebral hemispheres. This effect was 
more marked in the hemisphere contralateral to the site of injection of toxin. 


SUMMARY 


The cerebroside content of the subcortical formations of the cerebral hemispheres of rabbits falls following 
injection of a lethal dose of tetanus toxin into a hind leg to a minimum on the 7-8th day, when the animals are 
moribund. This effect is more pronounced in the hemisphere contralateral to the injection site. 
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PHARMACOLOGY 


THE EFFECT OF AIMALINE ON AURICULAR AND VENTRICULAR 
ARRHYTHMIA IN DOGS 


1. Gendenshtein 
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of Medical Sciences Ya. I. Khadzhai) of the Khar ‘kov Institute for Scientific 
Research in Pharmaceutical Chemistry (Director: Docent M. A. Angarskaya) 
(Presented by Active Member AMN SSSR V. V. Parin) 

Translated from Byulleten' Eksperimental ‘noi Biologii i Meditsiny, Vol. 51, No. 4, 
pp. 71-75, April, 1961 

Original article submitted April 4, 1960 


The very limited selection of anti-arrhythmia agents available to the clinic creates considerable difficul - 
ties inthe treatment and prevention of various disturbances of the heart rhythm [2, 3]. Intensive research carried 
out to find new anti-arrhythmia preparations has disclosed several synthetic compounds and natural substances 
possessing an effect similar to that of quinidine. Among the latter is aimaline, a Rauwolfia alkaloid which, ac- 
cording to the data of several authors, has an anti-arrhythmia effect under conditions of both experimental [4, 5, 
7) and clinical [9] pathology. 


The investigations we conducted in collaboration with Ya. I. Khadzhai [1] showed that aimaline® has a 
prophylactic and arresting effect on aconite arrhythmia in rats; this drug was found to prevent ventricular fibril - 
lation in rats given a toxic dose of calcium chloride and to shorten the period of ectopic impulsation in guinea 
pigs poisoned with G-strophanthin. The ECG changes in intact animals (dogs, cats, rats, guinea pigs) induced by 
different doses of aimaline indicate that the preparation clearly lowers the conductivity of the myocardium and 
somewhat retards the heart rate. 


A wide variety of experimental models of arrhythmia have been created to study anti-arrhythmia agents. 
Many of these, however, are essentially different from the clinical pathology. In recent years, certain research- 
ers (6, 11, 12) have given preference to the model of auricular arrhythmia proposed by Rosenblueth and Ramos 
{10} and the ventricular arrhythmia model described by Harris [8]. 


We employed these models in this work to test the effect of aimaline on auricular and ventricular arrhyth- 
mia in dogs. 


METHODS AND RESULTS 


Auricular arrhythmia was induced in dogs under morphine -Nembutal anesthesia and conditions of artificial 
respiration. The right side of the animal's chest was dissected open and the 4th and 5th ribs partially removed 
to provide free access to the right atrium. Hemostatic forceps were used to compress a section of the auricular 
tissue between the two venae cavae. Then the auricular appendage was stimulated with square-wave pulses of 
current, 20 cps in frequency, with each pulse lasting 15 msec. The development of auricular flutter was clearly 
evident on the ECG. The preparation was not tested until 25-30 min after the flutter developed in order that 
the arrhythmia induced might become stably established. The aimaline solution was introduced through a can- 
nula into the femoral vein at a rate of 1 mg/kg per min. In all the experiments, the ECG was recorded in the 
* The aimaline we studied was isolated from Rauwolfia serpentina roots by D. G. Kolesnikov, A. P. Prokopenko 
and V. T. Chernobai at the Khar"kov Institute for Scientific Research in Pharmaceutical Chemistry. 
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Fig. 1. Restoration of sinus rhythm effected by aimaline under con- 
ditions of auricular flutter. ECG of a dog in lead II. 1) After morphine 
injection (2 mg/kg); 2) 20 min after intraperitoneal injection of Nem- 
butal (20 mg/kg); 3) 25 min after development of auricular flutter; 

4) and 5) 2 min, 30 sec and 3 min, 10 sec after start of aimalin infu- 


sion (1 mg/kg per min). 


‘| 


Fig. 2. Aimaline suppression of ectopic ventricular rnytnm develop- 

ing after ligation of descending branch of left coronary artery. ECG of 

a dog in lead TI. 1) Before operation and after administration of Nem- 
butal; 2) 22 hr after application of ligature; 3) 3 min after administra- 
tion of aimaline (3 mg/kg); 4) 40 min after third administration of aima- 
line (in doses of 3 mg/kg). 
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three standard leads, and constant visual observation was maintained withthe aid of a vector electrocardioscope. 


The auricular flutter induced in the five experimental dogs resulted in total dissociation of auricular and 
ventricular activity. The rate of the auricular contractions ranged from 360 to 428 per min, while the number of 
ventricular contractions varied from 246 to 272 per min. 


Rapidly developing retardation of the rate of the auricular contraction was the first result observed of the 
aimaline infusion. The rate of the ventricular contractions also decreased, but to a considerably lesser degree. 
Then a rapid rhythm (about 240 contractions permin) developed, lasting 0.5-1.5 min,during which period each 
ventricular contraction was matched with an auricular. Conspicuous during this period was a sharp expansion 
of the P wave and an increase in its voltage. When the dose of the preparation was further increased, the nor - 
mal sinus rhythm, 120-140 contractions per min in frequency, was suddenly established. Suppression of the auric - 
ular flutter and restoration of the normal heart rhythm was observed in all the experiments. The median effec - 
tive dose of aimaline was found to be 3.2 mg/kg, the dose varying from 1.5 to 5 mg/kg in individual cases. 


Comparison of these results with the literature data on other anti-arrhythmia agents obtained on the same 
arrhythmia model [12] shows thatthe effective dose of aimaline is considerably smaller than that of quinidine 
(23 mg/kg) and procaine amide (36 mg/kg). 


Figure 1 shows the arresting effect of aimaline on the ECG changes observed with auricular flutter. 


The model of ventricular arrhythmia resulting from acute myocardial infarction which we used makes it 
possible to test the preparation on a nonanesthetized animal. 


Under sterile conditions, two-stage (first, partial,and then, after 30 min, total) ligation of the descending 
branch of the lett coronary artery at the level of the lower edge of the left auricular appendage was performed on. 
dogs under morphine-Nembutal anesthesia. The experiments Were performed on six dogs weighing 11-18 kg each. 
Stable ventricular tachycardia lasting three hours or longer developed in all the animals 16-25 hours after the op- 
eration. 


The heart rhythm fluctuated between 140-240 contractions per min; in three dogs, the majority of the con- 
tractions (120-230 per min) were polytopic ventricular extrasystoles. In the other three animals, all the contrac - 
tions were solely of ectopic origin, and the configuration of the ventricular complex was variable. The P wave 
was usually lacking (Fig. 2). 


Nine experiments were performed on these animals—six on the first postoperative day and three on the sec - 
ond. Aimaline, dissolved in 5-10 ml of a physiological solution, was administered intravenously for 3-5 min. In 
two experiments, the preparation was tested in different doses (1-5 mg/kg), and in the others, the same dose (3 
mg/kg) was administered several times. 


In five of the experiments performed the day after ligation of the coronary artery, aimaline caused some 
retardation of heart activity and considerable reduction of ectopic pulsation up to complete elimination of arrhyth- 
mia and temporary restoration of the normal sinus rhythm. Only in one experiment, in which the animal died 
on the second day from hemothorax , was total disappearance of the ectopic contractions not observed, although 
the latter were reduced by more than 50%, 


The results of one of these experiments are shown in Fig. 3; in this dog, the over-all frequency of the rhythm 
22 hr after the operation was equal to 210 contractions per min, 195 of which were ectopic, After the administra- 
tion of aimaline in a dose of 3 mg/kg, the general rhythm slowed to 150 contractions per min, and the number of 
ventricular extrasystoles decreased to 60. This effect did not last long; after a few minutes, the rhythm again 
began to speed up, and the number of ectopic contractions increased to 150, After the second (40 min later) ad- 
ministration of aimaline in the same dose, the general rhythm stayed at a level of 150 contractions per min for 
1.5 hr, the number of extrasystoles varying between 100 and 120, The third dose of the preparation (3 mg/kg), 
administered 1.5 hr after the second, decreased the frequency of the ventricular extrasystoles to 40 per min, and 
after the fourth dose (bringing the total dose of the preparation up to 12 mg/kg), ectopic impulsation disappeared 
entirely for a 10-min period. The extrasystoles which appeared subsequently comprised 20% of the total number 
of contractions, 


On the second postoperative day (45 hr after the operation), the over-ail frequency of the rhythm was 150 
contractions per min, 60 of which were ectopic. A single administration of 3 mg/kg aimaline sufficed to totally 
suppress ectopic impulsation and to restore the sinus rhythm of 100-120 contractions per min. 
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Fig. 3. Anti-arrhythmia effect of aimaline on ventricular arrhythmia induced in 
a dog by ligation of the descending branch of the left coronary artery. 1) General 
rhythm; 2) administration of aimaline (3 mg/kg); 3) ectopic rhythm. 


In another experiment, acute ventricular tachycardia (230 contractions per min) developed in the dog 16 
hr after the operation. There were no impulses from the sinus node at all. The animal was given three infusions 
of aimaline (each in a dose of 3 mg/kg) at 30 min intervals, which led to considerable inhibition of ectopic im- 
pulsation and partial restoration of the sinus rhythm. For 1.5 hr following the administration of the preparation, 
the ventricular extrasystoles did not exceed 30-40 per min in frequency, the general frequency of the rhythm be- 
ing 160 contractions per min, and were sometimes totally absent. The sinus rhythm was maintained without extra - 
systoles for a period of one hour following the fourth dose of aimaline (3 mg/kg), administered every 2.5 hr; then 
ectopic contractions began to appear again. 


Tachycardia was less pronounced in the other animals after the operation; the rhythm ranged from 140 to 
180 contractions per min in frequency, and the ventricular contractions comprised 60-100% of the total number 
of contractions. The arrhythmia in these dogs yielded better to the therapeutic action of aimaline. In one of the 
animals, for example (120 ectopic out of a total 140 contractions), two influsion of aimaline (1 mg/kg first dose, 
4 mg/kg second dose) restored the normal sinus rhythm for a period of 1 hr and 45 min. The ectopic contractions 
which developed at the end of this period were again eliminated by the administration of the preparation in a dose 
of 2 mg/kg. 


It should be noted that no side effect usually attended the two- and threefold administrations of 3 mg/kg 
aimaline to the dogs. General excitation and salivation were observed in the animals in only one experiment af- 
ter the third administration (total dose, 9 mg/kg). Control experiments on healthy dogs showed the toxic dose of 
aimaline to be 5-6 mg/kg in the case of its intravenous administration. In this dosage, the preparation causes 
general excitation, salivation, tremor, clonic convulsions, defecation and urination. 


These investigations, therefore, have established that aimaline arrests ventricular extrasystole developing 
in dogs after acute myocardial infarction induced by ligation of the descending branch of the left coronary artery. 
When used in a total dosage of 5-12 mg/kg administered in several doses, aimaline either sharply reduces the 
frequency of ventricular extrasystoles or totally eliminates them and temporarily (for 1-2 hr) restores the normal 
sinus rhythm. Aimaline not only suppresses ectopic impulsation, but clearly retards the cardiac activity. 


This effect of aimaline is of real interest, it being known that under clinical conditions ventricular extra- 
systole and tachycardia, which aggravate the course of myocardial infaction, can lead to the development of car- 
diovascular insufficiency or ventricular fibrillation [3]. 
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One can conclude from the data presented that aimaline exerts an anti-arrhythmia effect on ectopic forms 
of auricular and ventricular arrhythmia under conditions of experimental puthology in dogs. 


SUMMARY 


The anti-arrhythmic action of aimaline was studied on two models of arrhythmia in dogs. Auricular tibril- 
lation was provoked by mechanical injury and subsequent stimulation of the auricles with induced current; ven- 
tricular arrhythmia was caused by ligating the descending branch of the left coronary artery. It was established 
that aimaline arrests auricular arrhythmia and either sharply reduces the frequency of ventricular extrasystoles or 
completely eliminates them and decelerates the cardiac activity. 
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THE ACTION MECHANISM OF RESERPINE COMPARED WITH THAT 
OF CERTAIN OTHER TRANQUILIZING SUBSTANCES 
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Pharmacologists and clinicians have recently given much attention to the study and use of tranquilizing sub- 
stances. A thorough understanding of the action mechanisms of these substances is necessary for their rational 
utilization. 


There are many indications in the literature that the action mechanism of reserpine consists in its ability 
to liberate adrenalin, noradrenalin and serotonin from different tissues, brain tissue included, and from the reticu- 
lar formation of the brain stem and the hypothalamus in particular (7, 11, 13}. One proof of this is the fact that 
the pharmacological effect of reserpine is reversed after the blockade of monoamine oxidase [5, 6, 8, 9, 10}. 


Beside reSerpine, there are other substances of different chemical structure which possess a tranquilizing 
effect. Aminazine (chlorpromazine], a phenothiazine derivative, is one of these substances. Diphacyl [dipheny 1- 
acetic acid diethylaminoethy] ester], one of the substances S. V. Anichkov has termed central cholinolytics (sub- 
stances electively blocking the central cholinergic synapses), has an inhibitory effect on the central nervous sys- 
tem [1, 4]. Then there is the new preparation Antiffeine, a broken analog of caffeine synthesized and investigated 
by the DiVision of Pharmacology of the AMN SSSR Institute of Experimental Medicine, which has an effect antag - 
onistic to that of caffeine [3].  Strophanthidin, which is steroid in structure, has a sedative effect according to 
the data of S. N. Asratyan [2]. Sygethin [dipotassium salt of 3,4-di -(paradisulfophenyl) -hexane], a diphenylhex- 
ane derivative, is similar in chemical structure to the synthetic substitutes for the steroid hormones. We found 
that Sygethin has, besides its known mild sedative effect on the gonadotropic and thyrotropic function of the hy- 
pophysis, an intensifying effect on the inhibitory process in castrated animals. 


This work compares the effects of reserpine (obtained in the Soviet Union), Aminazine, Diphacyl, Antiffeine, 
strophanthidin and Sygethin after the blockade of monoamine oxidase. Our purpose in this work was to ascertain 
whether the action mechanisms of these substances all involved liberation of adrenalin, noradrenalin and seroto - 
nin. 

METHODS 

We used iproniazide and the new preparation phenylisopropyl hydrazine, the antiaminoxidase property 

of which was established by Horita [12], as monoamine oxidase inhibitors. All the experimental substances were 


used in the form of aqueous solutions. The reserpine solution was prepared as follows: a 1% solution was prepared 
in a 20% solution of ascorbic acid, then diluted with distilled water to the concentration required. 


RESULTS 


In the first series of experiments, we studied the effect of the experimental substances on the behavior and 
orientation reflexes of mice. We determined the degree to which the orientation reflexes were manifested 40 min 
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Fig. 1. Effect of reserpine, Aminazine, Diphacyl, Antiffeine,strophan - 
thidin and Sygethin on the orientation reflexes of white mice normally 
(A) and after monoamine oxidase blockade (B). a) After intravenous 
injection of physiological solution; b) after intravenous injection of 
reserpine in a dose of 1 mg/kg; c) after intraperitoneal injection of 
Aminazine in a dose of 5 mg/kg; d) after intraperitoneal injection 
of Diphacyl in a dose of 40 mg/kg; e) after intravenous injection of 
Antiffeine in a dose of 50 mg/kg; f) after intraperitoneal injection 
of strophanthidin in a dose of 20 mg/kg; g) after intravenous injec- 
tion of Sygethin-Na in a dose of 200 mg/kg; h*) time in 5-sec marks. 


after the experimental substances were administered. The experiments were performed on 420 white mice. The 
experimental results (actograms) are shown in Fig. 1. 


The intravenous injection of reserpine in a dose of 1 mg/kg caused the gradual development of a marked 
sedative effect. The orientation reflexes were acutely inhibited. We observed pronounced ptosis, endophthalmos 
and miosis in the animals. The same dose of reserpine administered two hours after the subcutaneous injection 
of phenylisopropyl hydrazine(5 mg/kg) or four hours after the intraperitoneal injection of iproniazide (100 mg/kg) 
caused a condition of motor excitation in the animals. The oriented reflexes were sharply enhanced. We observ - 
ed exophthalmos, mydriasis and the pilomotor reflex. However, phenylisopropyl hydrazine and iproniazide did 
not cause in these doses any pronounced change in the behavior of the animals or in the manifestation of the o- 
rientation reflexes. The sedative effect of reserpine is evidently inverted after monoamine oxidase blockade. 


* This key missing in Russian original — Publisher. 
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Fig. 2. Effect of reserpine, Aminazine, Diphacyl, An- 
tiffeine, swephanthidin and Sygethin on the body tem- 
perature of mice normally (----) and after monoa- 
mine oxidase blockade (——-). Abscissa axis: time 
(each division =2hr ) after injection of experimental 
substances; ordinate axis: body temperature: a) after 
intravenous injection of reserpine in a dose of 2 mg/kg; 
b) after intraperitoneal injection of 10 mg/kg Amin- 
azine; c) after intraperitoneal injection of 40 mg/kg 
Diphacyl; d) after intraperitoneal injection of 50 mg 
per kg Antiffeine; e) after intraperitoneal injection 
of 20 mg/kg strophanthidin; f) after intravenous in- 
jection of 200 mg/kg Sygethin-Na; g) after intrave- 
nous injection of physiological solution. 


in connection with the antiaminoxidase preparations. 


in Fig. 3. 


Larger doses of reserpine were administered in a 
few experiments (2-5 mg/kg). It was found that the - 
larger the reserpine dose administered, the more rapid 
and pronounced its inhibitory effect. If, however, the 
monoamine oxidase inhibitors were administered first, 
the increased dose of reserpine caused a more rapidly 
developing and pronounced condition of excitation in 

the mice. If reserpine was administered to the animals 
first, on the other hand, the subsequent administration 

of the monoamine oxidase inhibitors did not invert the 
sedative effect of reserpine. 


The results obtained concur with the literature da- 
ta of other researchers [7]. 


Similar experiments were carried out in order to 
determine how blockade of monoamine oxidase influ - 
enced the sedative effect of the other tranquilizing sub- 
stances. A sedative effect was also observed after the 
administration of 5 mg/kg Aminazine, 40 mg/kg Diph- 
acyl, 20 mg/kg strophanthidin (intraperitoneally in- 
jected), 50 mg/kg Antiffeine or 200 mg/kg Sygethin(in- 
travenously injected), but this effect was not materially 
altered by blockade of monoamine oxidase. The data 
obtained from our study of the degree to which the orien- 
tation reflexes were manifested were subjected to statis- 
tical processing, and the significance of the results was 
confirmed. 


In a second series of experiments, we studied the 
effect of the monoamine oxidase inhibitors on the hypo- 
thermic effect of reserpine and the other tranquilizing 
substances. Experiments were performed on 300 mice. 
The temperature was determined in the rectum with the 
aid of a microelectrothermometer. It was found that 
both reserpine and Aminazine caused a sharp drop in the 
body temperature of the experimental animals. The 
antiaminooxidase preparations could remove reserpine’s 
hypothermic effect, but did not materially alter that of 
Aminazine. Diphacyl, Antiffeine, strophanthidin and 
Sygethin-Na caused no significant change in the animals 
body temperature, either when used alone or when used 
Fig. 2 gives the results of this experimental series. 


According to the literature data, reserpine can liberate adrenalin, noradrenalin, and serotonin from the end - 
ings of the sympathetic nerves and from other tissues as well as from the tissues of the central nervous system. We 
performed a third series of experiments in order to compare this peripheral effect of reserpine with the effects of 
the other tranquilizing substances. We used 75 rats weighing over 230 g each in these experiments. The blood 
pressure was determined while the animals were under amytal anesthesia. The experimental results are shown 


Reserpine intravenously injected in a dose of 1.5 mg/kg caused a gradual fall of blood pressure. However, 
when Hexonium [hexamethonium] was preliminarily administered (10 mg/kg intraperitoneally injected) in order 
to exclude the central effect of the blood pressure, the same dose of reserpine did not produce a hypotensive ef - 
fect; the blood pressure even rose slightly in some experiments. After the blockade of monoamine oxidase (either 
by 5 mg/kg phenylisopropyl hydrazine subcutaceously injected two hours before the experiment or py 100 mg/kg 
iproniazide intraperitoneally injected six hours before the experiment) and on a background of Hexonium action, 
reserpine caused a prolonged and pronounced pressor reaction. Analogous experiments were carried out with 
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Aminazine, Diphacyl, Antiffeine, strophanthidin and 
Sygethin, Except for strophanthidin, none of these prep- 
arations caused a clear pressor effect after the block- 
age of monoamine oxidase, Strophanthidin caused a 
slight rise of blood pressure, but this was not connected 
with the monoamine oxidase blockage, because the 
same rise of blood pressure was observed when strophan- 
thidin was injected without preliminary use of the mono- 
amine oxidase inhibitors. 


The data obtained allow one to conclude that the 
sedative, hypotensive and hypothermic effects of reser- 
pine become inverted under conditions of preliminary 
phenylisopropyl hydrazine or iproniazide blockade of 
monoamine oxidase, while the latter does not material - 
ly alter the pharmacological effects of Aminazine, Diph- 
acyl, Antiffeine, strophanthidin and Sygethin. This 
indicates that the action mechanism of these substances 
is very different from that of reserpine. The action mech- 
anism of reserpine consists in the ability of the drug 

to liberate adrenalin, noradrenalin and serotonin from 
different tissues, while the action of the other prepara - 
tions studied in this work is caused by other mechanisms. 


According to the literature data, the adrenolytic 
effect of Aminazine acts selectively to block the trans- 
mission of impulses in the ascending activating reticular 
system. Diphacyl's effect is due to its cholinolytic ac- 


* tion. Antiffeine evidently enters into competition with 

: purine derivative metabolites. The effect of strophan- 

d thindin and other central-inhibiting steroids may be con- 
a nected with their capacity for metabolic absorption. 
Sygethin probably primarily affects the central forma- 

a tions sensitive to the ovarian steroid hormones. 

SUMMARY 

a A study of the effect of reserpine in comparison 

4 with the action of Aminazine, Diphacyl, Antiffeine, stro- 

_ phanthidin and Sygethin has demonstrated differences in 

24 the mechanism of their action. 

2 Fig. 3. Effect of reserpine, Aminazine, Diphacyl, 

4 Antiffeine, strophanthidin and Sygethin on the After blocking monoaminoxidase with phenyliso- 

3 blood pressure under conditions of phenylisopropyl propyl hydrazine or iproniazide, the sedative, hypotensive 

ae hydrazine blockade of monoamine oxidase. a) Af- and hypothermic effects of reserpine are inverted, where- 

; ter injection of 1.5 mg/kg reserpine; b) after in- as the pharmacological action of Aminazine, Diphaycl, 
jection of 5 mg/kg Aminazine; c) after injection Antiffeine, strophanthidin and Sygethin does not change 

7 of 20 mg/kg Diphacyl; d) after injection of 25 materially. 

: mg/kg Antiffeine; e) after injection of 5 mg/kg The mechanism of reserpine action consists of its 

4 strophanthidin; f) after injection of 100 mg/kg ability to liberate adrenalin, noradrenalin and serotinin 

4 Sygethin-Na; arrow represents the intravenous in - from different tissues; the action of other preparations 

1 jection of the preparation; time shown below in 5- studied in this work (according to literature data) is caus- 

4 sec marks, ed by other mechanisms. 
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MICROBIOLOGY AND IMMUNOLOGY 


THE INFLUENCE OF THE PLASMA AND BLOOD SERUM OF ANIMALS 
OF DIFFERENT SPECIES-RESISTANCE ON THE ASSIMILATION 
OF OXYGEN AND PHOSPHORUS BY Mycobacterium tuberculosis 


A. M. Vitrinskaya 


Laboratory of Microbiology (Director: V. I. Kudryavtsev; Consultant-Professor:. 

V. M. Berman), Leningrad Institute of Tuberculosis Research (Director: Profes- 

sor A. D. Semenov) 

(Presented by Academician V. N. Chernigovskii) 

Translated from Byulleten’ Eksperimental ‘noi Biologii i Meditsiny, Vol. 51, No, 4, 
pp. 82-86, April, 1961 

Original article submitted May 6, 1960 


Mycobacterium tuberculosis enters the blood vessels very easily, but in the majority (70%) of patients suf- 
fering from chronic disseminated tuberculosis they fail to multiply in the blood and are soon eliminated. This 
is not the case in patients suffering from localized lung lesions [6]. The property of the serum to prevent the 
multiplication of M, tuberculosis is explained [7] by the presence of an inhibitory factor. Some authors [3] be- 
lieve that the active serum factor in a certain group of patients as well as of animals suffering from tuberculosis 
or sensitized to tuberculin represents a substance of globulin character; others [5] ascribe this role to the enzyme 
lysozyme or to a closely related substance. The latter authors emphasize that the sera of immunized rabbits and 
of a small group of normal persons (10%) also have a bacteriostatic effect upon M, tuberculosis. 


It seems that not only lysozyme but also many other blood enzymes are capable of affecting M. tuberculo- 
sis. It is known, for example, thatserum lipase affects this organism : in patients in whom the clinical course of the 
tuberculotic process is more favorable the lipase activity is higher than in persons suffering from progressive tu - 
berculosis. Similarly, the aminopeptidase is twice as active in the serum of rabbits infected with tuberculosis as 
in the serum of non-infected rabbits [2]. Schultz and Weiss [9] found that some sera exerted an increased proteo- 
lytic activity, a feature which they regarded as a sign that the person in question was resistent to tuberculosis. 


The studies of authors who made attempts to discover antibodies in the serum of patients and animals suf- 
fering from tuberculosis are of particular interest. These authors were able to establish the presence of antibodies 
in the serum of rabbits infected with tuberculosis. These antibodies were frequently present in so small quantities 
that the serum had to be concentrated before the antibodies could be found. Among 40 patients suffering from 
tuberculosis investigated,antibodies were found in only five; in a similar group of healthy persons they were found 
to be absent without exception [1, 8]. Other authors [4] found hemagglutinating antibodies after treating the 
serum of some patients suffering from tuberculosis with cold ethyl alcohol. Treatment of the serum of healthy 
persons did not reveal the presence of antibodies. 


Notwithstanding the considerable interest of these findings,it can hardly be assumed that antibodies which 
can be found with such difficulty and in so rare cases can play an appreciable role in the immunity to tuberculo- 
sis. 


We failed to find reports in the literature directly concerning the role of humoral factors in the natural 
species-resistance of animals to tuberculosis. In the opinion of Pagel and co-workers [7] the bacteriostatic prop- 
erties of the serum are not connected with individual or species-specific features of the serum and characterize 
only certain groups of patients or animals suffering from tuberculosis. At the same time,however,it could be 
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established in the Laboratory of Microbiology and Morbid Anatomy of our Institute thatafter intravenous injection 
of M. tuberculosis the organisms rapidly disappear from the blood of white mice,and these findings,as well as the 
absence of the organisms from the blood of the animals mentioned above after other methods of infection,warrant 
the assumption that a certain factor exists which prevents the continued survival of the organism in the blood. 


a Cc 


&-2 


Fig. 1. The influence of mouse plasma upon the absorption of oxygen and phos- 
phorus by M. tuberculosis (a); the effect of mouse plasma (1) and rabbit plasma 
(2) upon the same processes (b); the influence of mouse serum (1) and rabbit ser - 
um (2) upon the respiration and phosphorus assimilation by M, tuberculosis (c). 


It was the aim of the present paper to establish 
some of the biochemical foundations for the influence 
of the plasma and blood serum of animals possessing a 
species -resistance of different degree to M. tuberculo- 
sis. It is well known that all living cells, and in partic- 
ular bacteria, require for the performance of their vi- 
tal functions, for the normal course of their plastic me- 
tabolism, multiplication, toxin formation, and many 
other functions phosphate groups as well as energy; the 
latter is stored in the high-energy phosphorus compounds 
which accumulate in aerobic bacteria in the course of 
oxydative phosphorylation. In view of this fact we thought 

B-: 8-2 it worthwhile to establish above all the changes (if any) 
occurring in the intensity of respiration and assimilation 
Fig. 2. The effect of serum of immunized (1) and of inorganic phosphate in M. tuberculosis in the presence 
(2) normal guinea pigs upon the respiration and phos- _of plasma and serum from different animals. 
phorus assimilation of M. tuberculosis. 


METHOD AND RESULTS 


The plasma and the serum of 542 mice, 23 
rabbits and 125 guinea pigs were used for the study. It is well known that mice are relatively resistant to infec - 
tion with tuberculosis, whereas rabbits,and in particular guinea pigs,are highly sensitive. The experiments were 
carried out with several strains of M. tuberculosis of the bovine type (strain No. 23 of the Leningrad Institute of 


Tuberculosis, Vallée strain and BCG strain) and one strain of the human type (strain No. 97 of the Leningrad In- 
stitute). 


The respiration of the bacteria was studied manometrically in a Warburg apparatus. The bacterial suspen - 
sion in Soton's medium was placed into the containers and the plasma or serum in question was added in volume 
corresponding to one quarter of the total volume of the mixture. In the control samples a corresponding volume 
of normal saline was added instead of the serum. The assimilation of phosphorus was judged by the decrease of 
inorganic phosphate in the medium after incubation in the Warburg apparatus at 37° C for 20 min, 


In approximately 73% of cases we were able to observe a marked suppression and sometimes also a complete 
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Fig. 3. The influence of mouse serum upon the respiration and assimilation of phos - 
phorus in: a) E, coli; b) S, newport and S, typhimurium; 1) with added serum; 2) with- 
out addition of serum. 


inhibition of the consumption of inorganic phosphate by M, tuberculosis under the influence of mouse plasma, not- 
withstanding the increased absorption of oxygen. (Fig. la).* This could be explained either by disorders of the 
process of phosphorylation or by an increased breakdown of adenosintripophosphoric acid. It is obvious that in 
those cases the energy of respiration cannot be fully exploited by the bacterial cell,a fact which apparently ren- 
ders their continued existence in the blood of resistant animals more difficult. 


In another series of experiments we compared the properties of rabbit and mouse plasma (Fig. 1b). It was 
found that rabbit plasma exerts a stimulating effect on both the absorption of oxygen and upon the assimilation 
of phosphorus. In other words the phenomenon observed was exactly the opposite of the phenomenon described 
above. Similar findings (Fig. 1c) were obtained in experiments in which the plasma was replaced by serum. It 
seems that in the blood of animals sensitive to tuberculosis,and particularly the blood of rabbits, the bacteria are 
in more favorable conditions than in the blood of mice. This probably explains the stimulating effect of the ad- 
dition of blood of some animals to the culture medium upon the multiplication of M. tuberculosis. 


In our opinion, the results of these two experimental series enable us to assume the existence of a certain 
factor (or factors) in the blood of animals resistant to tuberculosis which inhibits an extremely important system 
of biochemical reactions in the microorganisms — a system which represents the basis of their vital activity. 


Assuming the capacity of the serum to change the bacterial metabolism in a direction unfavorable from 
their point of view is connected with phenomena relating to immunity, it could be expected that a similar capac- 
ity ought to develop in the serum of sensitive animals as a result of their immunization. To check this assump- 
tion we carried out a series of experiments with normal and immunized guinea pigs, respectively. The animals 
were immunized by intradermal injection of 1 mg dried BCG vaccine in 0.2 ml normal saline. Guinea pigs 
which gave a well marked Mantoux reaction, read some time after the immunization, were selected for the ex- 
periment. It appeared that as a result of the immunization the serum of guinea pigs not only acquires the capac- 
ity to suppress completely the fixation of inorganic phosphate,but also the capacity to produce decomposition 

of the stores of organic phosphorus compounds in the cells, a fact which becomes manifest in the accumulation 
of mineral phosphorus in the medium (Fig. 2). The character of the action exerted by the blood factor in immun - 
ized animals, however, is in some respects different from the character of the factor described above : namely, 

in the present case no intensification of the oxygen absorption can be observed as it had been observed in the first 
series; on the contrary: the respiration decreased in all cases to a certain degree. This slightly lower level of the 
oxidative reactions,however, is nevertheless adequate to secure intensive phosphorylation,a fact which ought to 
become manifest in the increased consumption of inorganic phosphate. As this does not take place,it must be as- 


* Here and in the subsequent Figs.,only the results of some of the most typical experiments are given. 
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sumed that the action of the factor present in the blood of immunized guinea pigs is similar to the factor pres- 
ent in mice,and acts not upon the suppression of the oxygen absorption but directly upon the process of phos- 
phorus esterification. 

Our findings are consistent with the facts reported by Myrwik and Weiser (5],which authors showed that the 
serum of immunized rabbits unlike the serum of normal animals, has a bacteriostatic effect upon M. tuberculosis, 
In view of the fact that even a temporary unfavorable influence upon the causative organism may play a part 
in the host's body's fight against the infection, the findings given above enable us to speak of the presence of a 
humoral factor in both cases (natural resistance and artificial immunity), a factor which is related to immunity 
against tuberculosis. 

Is the factor present in mouse serum of specific character? To answer this question we investigated the ef- 
fect of mouse serum upon a number of bacteria in the group of Enterobacteriacae — Escherichia coli, Salmonella 
typhimurium (2 strains), Salmonella newport(2 strains)~to some of which the mice are highly sensitive and to 
others resistant. E. coli is a normal inhabitant of the intestine and does not, under normal conditions, cause any 
illness in mice,whereas mice are highly susceptible to S. néwport,and in particular to S. typhimurium, Using 
these microorganisms and comparing the effect of mouse serum upon these organisms -and upon M. tuberculosis , 
respectively, we were able to judge the presence or absence of a specific effect of the factor in question. 


The resultsof these experiments which were carried out in a similar manner as the preceding experiments, 
revealed that the serum of mice exerts the same effect upon E, coli and upon M. tuberculosis (Fig. 3a), whereas 
the absorption of oxygen and phosphorus by S. newport and S, typhimurium is stimulated by the same serum (Fig. 
3b). 

It seems that in these experiments we observed the same phenomenon as in the previous experiment. It is, 
however, interesting that in the case in question one and the same serum had a different effect upon different 
microorganisms, In other words the factor present in the serum is neither of universal character nor is it specif - 
ic; mouse serum exerts the same influence upon E, coli as upon M, tuberculosis, 


The results of the investigations carried out by us thus showed that serum of naturally resistant animals is 
capable of suppressing the oxidative assimilation of phosphorus in M. tuberculosis; this fact suggests the presence 
of a humoral factor in the animals ,which factor is apparently related to phenomena connected with the immun- 
ity to tuberculosis. The factor is not specific,as it exerts the same influence upon the phosphorus metabolism of 
other microorganisms (E. coli). 

The serum of immunized guinea pigs acquires the capacity to prevent completely the assimilation of in- 
organic phosphate by M. tuberculosis. 

I express my profound gratitude to V. M. Berman, V. I. Kudryavtseva and M. E. Krol" for their continued 
assistance in our work and their valuable advice. Iamalsograteful to A. D. Semenov, who contributed in all 
possible ways to the completion of the present study. 


SUMMARY 


This paper deals with the effect of the blood plasma and serum of animals with different species-resistance 
to tuberculosis on the respiration and phosphate assimulation in Koch's bacillus, An ability of the serum in the 
naturally resistant animals to depress the oxidative phosphorus assimilation in M, tuberculosis was detected, which 
testifies to the presence in these animals of a humoral factor evidently connected with phenomena of antitubercu- 
losis immunity, The latter confirms the fact that the serum of immunized guinea pigs acquires an ability to stop 
the binding of inorganic phosphate by M. tuberculosis, The factor described is not specific, since it exerts the 
same effect on the phosphorus metabolism of other microorganisms as well (E. coli). 
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In studies concerning the antigenic features,connected with the animal's age,of blood serum and aqueous 
saline extracts of animal tissues,which studies were carried out by the method of anaphylaxis and desensitiza - 
tion with the specific antigen, we were able to establish (5) that antigens prepared from the tissue of old animals 
preserved in the main the antigenic properties of analogous tissues in younger individuals, but at the same time 
acquired additional antigenic features specific for older animals. In addition to the method of anaphylaxis with 
desensitization we made attempts to establish antigenic features connected with the age in the blood serum and 
aqueous saline extracts from the tissues of old animals by the method of the complement fixation test (CFT). To 
this purpose we immunized rabbits with the antigens enumerated above in the hope of detecting in the immune 
serum of these rabbits by means of the CFT method the antibodies specific for antigens present in the tissues of 
old animals. Our hopes, however, were not fulfilled; in these experiments the CFT showed precisely the organ - 
specific character of the antigens and completely failed to detect the age-specific features in those antigens in 
which these features could be clearly differentiated with the aid of the reaction of anaphylaxis and desensitiza - 
tion. From this fact it followed that the CFT was unsuitable to detect age-specific features in such complex prep- 
arations (containing numerous antigens) as blood serum of animals and aqueous saline extracts of animal tissues. 


In view of this fact we decided in subsequent experiments to study only age-specific antigenic features of 
lipid -polysaccharide complexes (LPC) from the tissues of old animals by means of the CFT. 


METHODS AND RESULTS 


The LPC were obtained from the blood serum of cows and aqueous saline extracts from the organs and 
tissues of white mice by the method of Boivin and Mesrobeanu,adapted for our special purposes. The blood serum 
was added to a cooled 0.25 N solution of trichloroacetic acid in a proportion of 1:4 and aqueous saline extracts 
of homogenized rat tissue (one part homogenate to two parts normal saline) in a proportion of 1:2. The extrac- 
tion was continued for 16-18 hours in a refrigerator (2-4°C). The dialysis of supernatant was carried out in cello- 
phane bags. Then the preparation was condensed at 75°C -80°C to one-fifth of the original volume. After ad- 
dition of 0.85% solution of sodium chloride one half of the condensed preparation was sterilized in fractions for 
three days for one hour daily at 80°C and the other half in an autoclave for 30 min at 120°C. 


The preparations were investigated with regard to the presence of protein. Samples investigated with 20% 
sulfosalicylic acid or 10% trichloroacetic acid gave in all cases a negative result. The biuret reaction gave in a 
number of cases a pink-violet or blue-violet stain. Taking into account the fact that the methods of protein de- 
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tection enumerated above are insufficiently sensitive, although they are generally accepted,we are not justified 
in assuming that the LPC fractions obtained by us were completely free of protein, the more so as in the opinion 
of the majority of contemporary immunologists the antigenic function of any complex can be based only on sub- 
stances of protein nature. 


TABLE 1 
The Polysaccharide and Total Lipid Content of the Preparations 


Polysaccharide content} Total lipid 
No. of preparation and (in mg per ml content(in 


) 
Date of preparation preparation | autoclaved 
age of rats used [hot treated | preparation ™8 Pet ml) 
in autoclave 


No. 27, 2 years 


No. 29, 21 months 
Merch, 1966 No. 30, 4 months 


No. 32, 2 years 


No. 33, 2 years 
No. 34, 4 months 
No. 35, 4 months 
No. 36, 2 years, 2 mas, 
March-April, |No. 37, 4 months 
1959 No. 38, 4 months 
No. 39, 4 months 
No. 40, 2 years, 2mos, 0.240 


June, 1958 


July, 1959 


TABLE 2 


Complement Fixation Titers in Experiment No. 2 


Antigens used inthe CF Tinadilution of 1:25 


No. 23,from the blood|No. 24,from the blood [Control 
serum of a heifer serum of old cows 


rabbits dilution of rabbit serum 


No. 23, LPC frorn the se- + H H + 
rum of 3-yr-old heifers; ++ + H + 
1st dose : 6 ml; subse - +| H H + 
quent doses ; 3.5 ml ea. 
No. 24,LPC from the se~ +++ | ++ + +444] 4+] +4 
+ H ++] +] 
+ H +! H 


rum of three 11-13 yr- 

old cows; lstdose: 5 
ml; subsequent doses 

Note: The insufficiently high antigen and antibody titer can be explained (as subse - 

quently established) by a certain loss of the active principle from the antigens in the 

process of their preparation (too long dialysis in cellophane bags). H = hemolysis. 


Antigens and doses used |Rab- 
for the immunization of |pbit 


3 ml ea. 
Antigen control 


In some preparations we were able to establish the presence of polysaccharides by the method of Siebert and 
Etno and of lipids by the method recommended by D. L. Ferdman and E. F. Sopin {10}. The results of these esti - 
mations are set forth in Table 1. From the data set forth in Table 1 the following conclusions can be drawn: 
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1) The quantity of polysaccharides in all preparations not treated in an autoclave varied within a range of 
0.238-0.373 mg per 1 ml; 2) treatment in the autoclave apparently decreased the polysaccharide content of the 
preparations; 3) the total lipid content of the preparations reached 27,.20-44.37 mg%; 4) in preparations from the 
tissues of old animals the lipid content proved to be in all cases somewhat lower (27.20-35.21 mg on the aver- 
age 31.62 mg%) than in preparations from the tissues of young animals( 40.68 -44.37 mg%,; on the average 41.91 mg%). 


A. V. Nagornyi and E. F. Sergienko [7], V. N. Nikitin [8,9] and othersestablished that with increas - 
ing age the lipid content of the animal body increases; according to our findings, however, the lipid content prov - 
ed to be lower in preparations extracted from the tissues of old animals than in similar preparations extracted 
from the tissues of younger individuals. We are inclined to explain this discrepancy in the results with the fact 
that we apparently obtained in our preparations only free lipids or lipids only loosely bound to proteins or nucleic 
acids in the lipoprotein complexes. In view of the fact, however, that with increasing age the intermolecular 
links in these complexes become more stable [9],it is quite logical to assume that the most solidly linked lipids 
which ought to be present in greater quantities in the tissues of old animals were precipitated with the proteins 
during the precipitation of the latter by trichloroacetic acid from the extract of the tissue homogenate. At the 
same time the tissues of older animals contained less free or loosely linked lipids— a fact reflected in our re- 
sults. 


The preparations described above were used to immunize rabbits; 2 weeks after the last injection the im- 
mune serum of these rabbits was used to establish— by means of the CFT —the antigenic features of the tissue 

LPC, connected with the age, in old animals. The antigens were injected into the ear vein in 4 periods of 3 days 
at an interval of 4 days after every third injection. The results of the experiments arepresented in Tables2 and 3. 


Table 2 shows that the serum of the first 3 rabbits immunized with antigens prepared from the tissues of 
young animals gave about the same results in the CFT, both with antigen from the serum of heifers and antigen 
from the serum of old cows. This fact suggests that common antibodies are present against both antigens. A dif- 
ferent picture could be observed in tests performed with the sera of the next 4 rabbits,which had been immunized 
with antigen prepared from the serum of old cows. Here the results obtained in the CFT with antigens prepared 
from the tissues of old animals were positive in much higher titers than with similar antigens prepared from the 
tissues of young individuals. This fact suggeststhat the blood of the above rabbits contained along with antibodies 
in common for both antigens other, additional immune bodies which were specific for the antigen prepared from 
the tissues of old animals. 


Hence it follows that LPC prepared from the blood serum of old cows possesses — unlike the LPC prepared 
from the serum of heifers —additional antigenic properties, connected with changes due to age in the tissues of 
old animals. 


In subsequent experiments LPC prepared from the organs and tissues of old and young white rats (males) 
served as antigen for the immunization of rabbits. To establish the influence of sterilization in the autoclave 
upon the activity of the preparations, part of the rabbits were immunized with preparations which had been auto- 
claved for 30 min at 120°C, and the other part with preparations exposed tofractional sterilization at 80°C. Table 3 
shows the results of one of these experiments. The method used for tne immunization of the rabbits was the same 
as in the Experiment No. 2 described above (see Table 2). In this experiment the first dose of eachantigen was 
approximately twice as high as the subsequent 11 doses. The results of the CFT presented in Table 3 (similar to 
those in Table 2) show that the findings obtained in one set of two investigations on one and the same sera with 
one 4nd the same antigen coincided as a rule. The findings presented in Table 3 warrant the conclusion that the 
CFT indices are in this experiment in principle the same as in Experiment No. 2. Similarresults were obtained 
in anumber of further experiments which will be reported in an additional publication. In all these experiments 
the CFT revealed more or less precisely age-specific antigenfeatures of the LPC prepared from the tissues of old 
animals. Table 3 shows that sterilization in an autoclave slightly decreased the antigenic properties of the prep- 
arations. 


It thus appears that the LPC prepared by us from the blood serum of cows and heifers and also from the or- 
gans and tissues of old and young rats were fully active antigens. They proved to be active not only in serologi- 
cal tests but also possessed immunogenic properties. 


The LPC prepared from the tissues of old animals preserved to a greater or lesser degree the antigenic prop- 
erties of the tissues in younger animals but at the same time possessed additional antigenic features, specific for 
their age and detectable only in the tissues of old animals. 
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Administration of lipid -polysaccharide complexes prepared from the tissues of old animals leads — in addi - 
tion to the formation of antibodies against the LPC from the tissues of younger animals in certain quantities~also 
to the formation of antibodies against similar complexes occurring in the tissues of old animals, i.e., to the for- 
mation of “anti-old age” immune bodies, 


SUMMARY 


A number of experiments were conducted to detect the antigenic features of lipid-polysaccharide com- 
plexes in the tissues of animals of various age. The lipid-polysaccharide complexes from the animals’ tissue are 
complete antigens; the complexes mentioned have specific antigenic peculiarities connected with age. 
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ONCOLOGY 


EFFECT OF ANTISERA SPECIFIC FOR IRRADIATED MALIGNANT TISSUES 
ON THE GROWTH OF EXPERIMENTAL TUMORS IN ANIMALS SUBJECTED 


TO IRRADIATION 


COMMUNICATION I, CAPACITY OF IRRADIATED ANTIGENS TO PROVOKE 
THE FORMATION OF ANTIBODIES IN ANIMALS OF VARIOUS SPECIES 


I. N. Maiskii, P. P. Filatoy, and G. V. Suvorova 


From the Laboratory of Non-Infectious Immunology of the Institute of Experi - 
mental Biology (Director: Prof. I. N. Maiskii) of the Akad. Med. Nauk SSSR, 
Moscow 

(Presented by Active Member of the Akad. Med. Nauk SSSR N. N. Zhukov- 
Verezhnikov) 

Translated from Byulleten' Eksperimental ‘noi Biologii i Meditsiny, Vol. 51, No. 4, 
pp. 92-95, April,1961 

Original article submitted July 15, 1960 


It is known that during the irradiation of animals the resistance of the organism decreases, changes occur 
in the metabolism, etc. [1-7, 11-19]. Earlier, we reported on changes in the antigenic and biological properties 
of Ehrlich's mouse malignancy and the Brown -Pearce rabbit tumor under the influence of roentgen ray irradia - 
tion in vitro [8-10]. 


Taking into account these data, as well as the widespread use of penetrating radiation in oncology, we de- 
cided to fully study the capactiy of antigens from malignant tissue, subjected to the action of roentgen rays, to 
provoke the formation of antitumoral antibodies, and to clarify the effect of the resultant serum on the growth 
of the tumor in the irradiated animals. 


In this report we present the results of investigations designed to obtain antiserum against irradiated anti - 
gens from malignant tissues in various species of animals. In the work we used tissues from Ehrlich's mouse tu- 
mor, the Brown -Pearce rabbit carcinoma, and human stomach cancer. 


METHOD 


The experiments were carried out on rabbits, sheep and horses. All the animals were immunized with 
aqueous saline extracts of the tumortissues indicated above. Dosage of the antigens was regulated on the basis of 
the protein content; the amount of protein was determined by Conway's nitrogen method. Half of the antigens 
used for the immunizations were subjected to the action of roentgen rays in vitro in a dose of 2000 r, while the 
other half were not irradiated and were used as the control. The irradiation was performed with the aid of the 
RUT -260-20 (RUM-7) apparatus, with a voltage of 60 kv, current intensity of 5 ma, a 0.1 mm AI filter, focal 
length of 75 mm, and duration. of radiation of 15 sec. 


The rabbits were immunized with antigens from the cells of Ehrlich's mouse carcinoma (ascitic form), the 
sheep with antigens from the Brown -Pearce rabbit carcinoma, and the horses with antigens from the tissues from 
human stomach cancer. Immunization of the rabbits was carried out intravenously, 4 times a day, in a dose of 
12 mg of protein per course of immunization. Two groups of rabbits were set up in the experiments, 6 animals 
ineach. The first group received the irradiated antigens, the second—unirradiated. 
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TABLE 1 


Results of the CF Reaction of Sera from Rabbits Immunized with Irradiated Ascitic 
Ehrlich Cells 


Reaction with antigens 


Reaction with antigens 


of ascitic 
Ehrlich cells mouse 


irra- unirra- | spleen 
diated diated 


of ascitic 
Ehrlich cells 


isra- unirra - 
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Serum dilution 
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2 395 
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+++ 
++ 
+++ 
++ 
+++ 
+++ 


+++++ 
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|+++4+4+ 


with antigen from irradiated ascitic Ehrlich cells 
with antigen from unirradiated ascitic Ehrlich cells 


+++ 
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2 648 
2 648 
2 648 
: 2 648 
: 1000} 2 648 
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++ 
4+ 
++ 
mm +++ 
++ 


+++ 
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The sheep were immunized intramuscularly with five injections of antigens—every 6th day, in an increas - 
ing dose based on the following scale: 1st injection—1.5 mg of protein per kg of weight of the sheep, 2nd -3 mg 
per kg of weight, 3rd—4.5 mg per kg of weight, 4th—6 mg per kg and 5th injection—7.5 mg per kg of weight. 
Two of the sheep were immunized with irradiated antigens and two with unirradiated antigens. 


The horses were immunized subcutaneously with an injection of antigens according to the same schema as 
for the sheep, but in different dosages: for the 1st injection we used antigens on the basis of 0.5 mg of protein per 
kg of weight of the horse, for the 2nd~1 mg per kg of weight, for the 3rd~2 mg per kg of weight, for the 4th— 
~2.5 mg per kg of weight, and for the 5th injection—3 mg per kg of weight. One horse was immunized with ir- 
radiated antigens, and the second with untreated antigens. 


Prior to immunization, as well as during and after it, blood was drawn from all the animals involved in the 
experiment and serum prepared. In the rabbits the blood was investigated every third day over the course of 2,5 
mo, in the sheep and horses—every 6th day for 2 mo. The sera obtained were tested for complement fixation 
(CF) at 37°. Irradiation of the antigens for setting up the CF was performed in the same manner as for the im- 
munization. In determining specificity, each serum in the CF reaction was tested with two antigens —from irra - 
diated and unirradiated tumor tissue. As a control for the specificity the reaction was also set up with antigens 
from normal splenic tissue. 


476 


_—— i 

1:100 | 97 

1:200 | 97 

1:400 97 
1:800 | 97 
1:1000| 97 +l + 
1:100| 79 
1:200| 79 

1:400 79 
1:800 79 
1:1000'! 79 

1:100} 88 
1:200} 88 
1:400 88 
1:800 | 88 
1:1000| 88 
1: 100 
1: 400 

3 1:800 
1: 1000 
1:100 
1: 200 
1:800 
1: 1000 
++++ 
+++ 
1 ++ 

+ 

H 
| 

| 
| 


RESULTS 
One of the typical protocols is presented in Table 1, showing the data on titration of the rabbit sera obtain - 


ed on the 9th day following completion of the immunization. 


TABLE 2 


Results of the CF Reaction of Sera from Sheep Immunized with Irradiated and Unir- 
radiated Brown-Pearce Tumor Tissue 


Reaction with Reaction with 
tissue antigens 


from the Brownj. 
+ 


tissue antigens 
from the Brown - 
Pearce tumor from 


irradi- junirradi- rabbit 
ated ated pieen 


Pearce tumor 
irradi4 unirradi 
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— no, 
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Serum No, 
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2 | irradia - irradia - 
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Pearce Pearce 
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TABLE 3 


Results of the CF Reaction of Sera from Horses Immunized with Irradiated and 
Unirradiated Tissues from Human Stomach Cancer 


Reaction with Reaction with 
tissue antigens tissue antigens 


Immuni- from human 


Immuni- from human 
zation stomach cance 


zation stomach cance 


unirradi-|irradi 


ated fated ated ated 


man spleen 
from human 


Serum no, 
spleen 


unirradi- 


| from hu- 


with anti - with anti-| +++ |++ 
gen from ir- + gen from ++ | + 
radiated unirradiated} ++ | + 
human human + H 


stomach can stomach 
cer tissue cancer tissue 


mH++ 


From this table it can be seen that in all cases the sera obtained from the rabbits that had been immunized 
with antigens from irradiated tissues were not strictly specific and reacted in the CF test with analogous antigens 
in lower titer than with the natural (unirradiated) antigen. Thus, for example, the serum from rabbit No. 3659 
reacted with ++ to a titer of 1:400 of the antigens from the irradiated tissues, while with antigens from the unir- 
radiated tissues a reading of ++ was noted with a dilution of 1: 800. It also follows from Table 1 that sera obtain - 
ed by immunization with antigens from unirradiated tissues possessed relatively great specificity in the CF test, 
reacting with urirradiated tumor antigens in higher titers than with irradiated. We acquired comparable data in 
the other experiments. 


The results from titrating the sera of the sheep and horses were seen to be similar to those described above. 
In Table 2 we show one of the typical protocols for the titration of serum from the sheep. 


From Table 2 it can be seen that the sera obtained from immunization with irradiated antigens reacted 
with a ++ in the CF test when combined with irradiated antigen in a titer of 1:100, while with unirradiated anti - 
gen the reaction was ++ in a titer of 1:200, It should be noted that in these experiments, too, the sera from the 
animals immunized with unirradiated tumor antigens were more specific and reacted with the unirradiated anal - 
ogous antigens in higher titers. 
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In titrating the sera from the horses we also obtained less specific sera in the case of immunization of the 
animals with irradiated tumor tissues (Table 3). 


Studies of the dynamics of the formation of antitumoral antibodies showed that throughout the entire course 
of the experiments the titer of the sera with the irradiated antigens was lower than with the unirradiated ones. 
Only in isolated cases, at later intervals following the completion of immunization (36th - 40th day),were we able 
to observe a higher titer of the sera in the CF reaction with antigens from irradiated tissues. 


Thus,the results of the investigation using the CF reaction of the immune sera obtained from rabbits, sheep 
and horses by immunizing the animals with irradiated and unirradiated tissues from various tumors showed that 
under the influence of ionizing radiation cancer antigens partially lose their immunizing properties and diminish 
their capacity to react in the CF test with analogous antigens. It is ratherprobable that this phenomenon is re- 
lated to a change in the antigenic properties of tumor cells subsequent to the action of radiation, and to the for- 
mation of new antigenic structurespossessing lower immunogenetic potential. 


SUMMARY 


The work was devoted to the study of the effect of penetrating radiation, particularly of x-rays, on the 
ability of the cells of mice Ehrich's cancer, rabbit Brown-Pearce carcinoma and human cancer of the stomach 
to produce antibody formation in various species of animals, The data obtained point to the fact that x-rays 
acting in vitro upon the cells of these tumors change their immunological properties, This is manifested in a 
reduced ability of antisera (obtained by immunization of animals with irradiated tumor cells) to interact with 


analogous antigens, 
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ON THE QUESTION OF IMMUNOGENESIS IN RABBITS 
DURING THE GROWTH OF A BROWN-PEARCE CARCINOMA 


M. N. Nilovksii and N. I. Rybakov 


From the Laboratory of Non-Infectious Immunology (Head : Prof. 
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Translated from Byulleten' Eksperimental ‘noi Biologii i Meditsiny, Vol. 51, No. 4, 
pp. 96-98, April,1961 

Original article submitted April 15, 1960 


It has been established by the works of a number of investigators (3, 5, 6, 7, 8, 10] that in the presence of 
a malignant illness the immunological reactivity of the organism changes significantly. In particular, it was dis- 
covered [1, 2, 4, 9] that in the process of the growth and development of malignant tumors there occurs a depres - 
sion of the protective functions of the organism. As a result of the suppression of immunogenesis in the blood of 
such animals a fall in the titer of normal and immune antibodies takes place, as well as a significant lowering 
of phagocytic activity. 

However, the results of a series of clinical investigations are extremely contradictory. According to the 
data of some of the authors [12] a suppression of the process of immunogenesis occurs in patients stricken with 
cancer; in the works of other investigators [13] this is not observed. 


Thus, the question of alteration in the immunological reactivity of the organism during a tumor illness has 
not yet betn finally resolved, and requires the performance of subsequent investigations. 


We studied the dynamics involved in the formation of antibodies against the microbe factor (live and killed 
cultures of B. prodigiosum) in rabbits, following the transplantation of Brown -Pearce tumor to their testicles. 


METHOD 


B. prodigiosum, * which exerts an inhibitory effect on the growth of certain tumors [11], belongs to the gram- 
negative, pigment forming, rod-shaped bacteria; these bacteria grow well on simple nutritive media. The mi- 
crobe emulsion designated for the immunization was prepared in the following manner: a 24-hour culture of B, 
prodigiosum, growing on an agar slant at a pH of 7.2-7.4, was washed with sterile physiological saline. The rath- 
er dense microbial suspension obtained was drawn off into a separate standard test tube, and diluted with physio - 
logical saline (pH of 7.3) to a concentration of 2 billion microbes per ml, as ascertained by the state bacterial 
standard. 


In those cases where immunization of the animals was performed with the killed culture, the method of prep - 
aration of the microbe emulsion and of dosage calculation was analogous to that described above. The microbe 
cells were killed by heating at 60° forl.5 hr. 


The experiments were performed on 25 sexually mature male rabbits of the chinchilla family, from 3 to 
3.5 kg in weight. All of the animals were divided into 5 equal groups. The Brown-Pearce tumor was transplanted 


* The culture was obtained from the L. A. Tarasevich Central Scientific Research Control Institute for Vaccines 
and Sera. 
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Agglutination of B. prodigiosm in the Presence of Immune Sera 


4 Dates sera were obtained 
Group of Rabbit | 


rabbits No. March 14 | March 22 | April 7 | April 21 


serum dilutions 


1: 160 1 280 


1: 160 |, 1200] 1 : 160 1 280 1 : 160 
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86 
60 
84 


+++ |++4+++ 
+ 


biti 
++ 
+++++ 
+4 


Note: —Negative reaction; # weakly positive; +, ++, +++, and ++++ positive reactions 
of various degrees. 


to the testicles of the rabbits in the first, second, andthird groups, using a 10% suspension in physiological saline, 
with a dose of 0.5 ml; no tumor was transplanted to the animals in the fourth and fifth groups. The tumor growth 
was noted in aJl the inoculated animals on the 7th day following transplantation. 


Immunization of the animals was begun on the 10th day after tumor transplantation. The rabbits of the 
first group were immunized with the living culture of B. prodigiosum; the animals of the second group were in- 
jected with the same culture, which was first killed by heating. The animals in the third group did not undergo 
immunization (control 1). The fourth and fifth groups contained the uninoculated rabbits; they were immunized 
with the microbial culture according to the same scheme as the animals in the first and second groups (control 2). 


During the experimental period from March 14 to April 8 each rabbit was injected intravenously six 


times with either living or killed culture material; a total of approximately 3.8 billion microbes was injected 
per kg of weight. 


In order to carry out the serological investigation in the animals of the first 2 groups we simultaneously 
drew 7-8 ml of blood prior to transplantation of the tumor, before beginning the antigen injections, and on the 
10th, 18th, 31st and 46th days after transplantation of the Brown-Pearce carcinoma. Blood was taken from the 
rabbits in the control groups at the same intervals, and in the same amount. 


The titer of antibodies against B. prodigiosum in the immune rabbits was determined by the method of ag- 
glutination. 


The sera were diluted with physiological saline to 1: 160 and 1: 1280. The agglutination reaction was set 
up in duplicate for all the sera obtained at any one time and under uniform conditions. 
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RESULTS 


Analysis of the results obtained and presented in the table shows that the titers of the immune antibodies, 
contained in the sera of the first and second groups of rabbits (suffering from the cancer) were essentially almost 
the same as the antibody titers in the animals of the fourth and fifth groups (the control animals,to whom the tu- 
mor was not transplanted). Only rabbit No. 3592 showed a later reaction, with antibody production of a low titer 
in response to the injection of antigen. 


The data obtained indicates that the formation of immune antibodies against B. prodigiosum in rab- 
bits hosting a transplanted Brown Pearce tumor is of almost the same intensity as the antibody formation in healthy 
rabbits; apparently, this is not only dependent upon the state of the organism, but also the properties and nature 
of the antigenic stimulus. 


SUMMARY 


This work investigated immunological reactions of an organism affected by a tumor to the administration 
of living and killed B. prodigiosum culture. 


Experiments were carried out on sexually mature male chinchilia rabbits inoculated with Brown - Pearce 
tumor, The presence of immune antibodies was determined with the aid of the agglutination reaction. The ex- 
periments established that antibody formation in rabbits inoculated with Brown -Pearce tumor showed almost no 
difference from that found in healthy animals. 
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THE EFFECT OF THE RATE OF FREEZING AND THAWING OF TUMOR 
TISSUES ON THEIR GROWTH IN TRANSPLANTATION 


N. S. Kiseleva 


From the Laboratory of Tumor Strains (Head: Doctor of Biological Sciences 
E. E. Pogosyants) of the Division of Tumor Etiology and Pathogenesis (Head : 
Active Member of the Akad. Med. Nauk SSSR Prof. A. D. Timofeevskii) of 

the Institute of Experimental and Clinical Oncology (Director: Active Mem - 

ber of the Akad. Med. Nauk SSSR Prof. N. N. Blokhin) of the Akad. Med. 

Nauk SSSR, Moscow 

(Presented by Active Member of the Akad. Med. Nauk SSSR A. D. Timofeevskii) 
Translated from Byulleten’ Eksperimental ‘noi Biologii i Meditsiny, Vol. 51, No. 4, 
pp. 98-102, April, 1961 

Original article submitted February 16, 1960 


The data in the literature on the question of the influence of the rate of freezing and thawing on the viabil- 
ity of tumor tissue are very inconsistent. Thus, Breedis and co-workers(3, 4], Snell and Cloudman [13], Burmester 
(5], Warner and Gostling [14], Hauschka and co-workers [9], and others consider slow freezing the most favorable 
for tumor tissue, Other authors, on the other hand, emphasize the importance of rapid freezing [1, 10, 12}. In 
the experiments of Gye and co-workers[8] the rate of cooling did not influence the viability of the tumor material. 
Gabrielson, Syverton and Kirschbaum [7] arrived at the conclusion that a combination of slow freezing with slow 
thawing only leads to a certain lengthening of the latent period, while rapid freezing in combination with rapid 
thawing causes a complete loss of activity in leukemic cells of mice. At the same time, Cassel [6] did not ob- 
serve notable differences in the viability of material undergoing rapid and slow freezing and thawing. A detail- 
ed analysis of the literature on this question can be found in the survey by Kredzhi [2]. 


Our experiments for studying the effect of the rate of freezing and thawing on the viability of tumor tissue 
were set up with two tumor strains —Walker's carcinosarcoma and Ehrlich's ascitic carcinoma. Both these strains 
are characterized by complete transplantability, rapid growth, and, according to our data, the ability to tolerate 
freezing well. 


METHOD 


From the Walker carcinosarcoma tissue we prepared a suspension in the dilution of 1:3, using isotonic 
(5.3%) glucose solution. The ascitic fluid of mice with Ehrlich's carcinoma was carefully mixed with an equal 
volume of the same solution. The material was poured into ampules, which were then sealed and placed in a 
refrigerator at 4° for 30 min. After this a portion of the material was injected into animals of the control group, 
while the rest was subjected to freezing in a mixture of acetone and dry ice. 


Slow freezing was accomplished by immersion of the ampule containing the material in the mixture of 
acetone and dry ice, the temperature of which was initially 4° and was subsequently lowered to —72° over the 
course of 20 min as a result of adding small pieces of dry ice. In this fashion the average rate of cooling of the 
mixture was 3.8° per min. 


For rapid freezing the ampule was submerged for 3 min in a suspension of acetone and dry ice at —72°. 


Then the ampules were transferred to a container with dry ice, where they were maintained at a tempera- 
ture of approximately —70° for 7 days. 
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TABLE 1 
The Effect of the Rate of Freezing and Thawing on the Viability and Growth of Walker's 
Carcinosarcoma 
Duration of the __|Aver. survi-]Aver. tumor 
= latent period, days |valofani- |¢iam. on 
Group Rate of —_|malsafter |14thday 
No. and thawing | min. | aver.| max, |transplanta44fter tans- 
Z > tion, days |plantation, 


1 | Control (tumor tissue 


not frozen) 10 | 100 4 18,24-1,8 | 37,341 ,6 
2 | Slow freezing and 
rapid thawing 10 | 100 3 {3,1 4 1 ,441,05) 37,541,5 
3 | Slow freezing and 
slow thawing 10 | 100 3 |3,6 4 18,641,6 | 29,642,5 
4 | Rapid freezing and 
rapid thawing 10 90 3 |3,7 4 19,241,6 | 30,1+43,3 bat 


5 | Rapid freezing and 
slow thawing 10 60 3 |3,9 4 32,0+3,5] 7,142,3 


For slow thawing the ampules were placed in a refrigerator at.4° for 1 hr, after which they were held at 
room temperature (18-20°) for 30 min. 

Rapid thawing was obtained by transferring the ampules to a water bath at 40° for 1 min and agitating. The 
material was injected into the animals soon after the thawing. 

Walker's carcinosarcoma was transplanted to white male rats weighing an average of 80 grams. An ampule 
containing 0.5 ml of the material was injected subcutaneously into the left paw. The Ehrlich's ascitic carcinoma 
was transplanted to white male mice of unspecifiedbreed, 20 g in weight (on the average); the injection was made 
intraperitoneally, using 0.2 ml. 

We studied the following combinations: 1) slow freezing and rapid thawing; 2) slow freezing and slow thaw - 
ing; 3) rapid freezing and rapid thawing; 4) rapid freezing and slow thawing. 

There were 10 animals in each group. A total of 50 rats and the same number of mice were used in the 
experiment. 


In addition to the other observations we noted the time at which the tumors appeared and the duration of 


the animals’ survival after the transplantation. The tumors in the rats were measured in all three dimensions . 
every three days, and their average diameter was determined. j 
RESULTS 


As can be seen from the data presented in Table 1, in the experiments with Walker's carcinosarcoma the 
indices of tumor growth from the tissues subjected to slow freezing and rapid thawing were the closest to the 
results obtained from inoculating the animals with the control material (which was not subjected to freezing). 
An appreciable, statistically significant (P < 0.01) reduction in the transplant viability and retardation of growth 
was observed only in one group, where the combination of rapid freezing and slow thawing was applied. In this 
group the transplantation survival rate was 60% in all (as compared with 90-100% in all the remaining groups). 
The average duration of life of the animals in this group was 32 days, i. e., approximately 1.5 times greater than 
the duration of life of the animals in the other groups. The marked growth retardation of the tumors in this 
group was also manifested in the average diameter, which was 4-5 times smaller than in the other groups on the 
14th day following the transplantation. 


Figure 1 shows the change in the average diameter of the tumors for the different groups as dependent upon 
the duration of time after the transplantation. It can be seen from Fig. 1 that the most rapid growth was seen in 
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the tumors which developed from material subjected to slow freezing and rapid thawing (the indices for this group 


are very close to those of the control). Tumors from the 


tissue subjected to rapid freezing and slow thawing devel - 


oped most slowly. The combinations of slow freezing with slow thawing and rapid freezing with rapid thawing led 
to a certain retardation in tumor growth (approximately the same degree in both cases), but it was not as marked 
as with the combination of rapid freezing and slow thawing. 


Average dimensions of the tumors, mm 


10 20 


Time, days 


Fig. 1. The effect of the rate of freez - 
ing and thawing on the growth of Walk- 
er's carcinoma. 1-control; 2-slow 
freezing and rapid thawing; 3-slow 
freezing and slow thawing; 4-—rapid 
freezing and rapid thawing; 5-—rapid 
freezing and slow thawing. 


TABLE 2 


The Effect of the Rate of Freezing and Thawing on the 

Viability of Ehrlich's Ascitic Carcinoma and the Dura - 

tion of Life of the Animals following the Tumor Trans- 
plantation 


ver. duration 
of animals life 


following trans- 


ontrol (ascitic fluid not 12.940.5 


frozen) 


and rapid thaw 14.820.2 


16.841.2 


Slow freezing and slow thaw - 
ing 


Rapid freezing and rapid 19.220.9 


thawing 


and slow thaw 27.021.8 


In the experiments with Ehrlich's ascitic carcino- 
ma (Table 2) the application of rapid freezing and slow 
thawing led to a marked lengthening in the duration of 
life of the animals (up to 27 days as compared to 12.9 
days in the control). The smallest deflection from the 
indices for the control, just as in the experiments with 
Walker's carcinosarcoma, took place in the group where 
slow freezing and rapid thawing were applied (average 
duration of life of the animals in this group was only 1.9 
days greater than the duration of life of the animals in 
the control group). The combinationsof rapid freezing 
and rapid thawing and slow freezing withslow thawing 
occupied an intermediate position between the two groups 
mentioned above (the duration of life of the animals in 
these groups was 19.2 and 16.8 days,respectively; the dif- 
ference was not statistically significant). 


The effect of the rate of freezing and thawing on 
the ascitic fluid transplanted to the mice on the duration 
of life of the animals is depicted graphically in Fig. 2. 


The viability of Ehrlich's ascitic carcinoma was 
equal to 100% in all groups except the one in whichrap- 
id freezing and slow thawing was applied; in this latter 
group it was equal to 70%, 


Thus, on the basis of our experiments with Walk- 
er's carcinosarcoma and Ehrlich's ascitic carcinoma, we 
can conclude that the least harmful combination for tu- 
mor cells is slow freezing and rapid thawing. This com- 
bination should obviously be considered the method of 
choice in the practical work involved with freezing of 
transplantable tumors. The application of the reverse 
combination —rapid freezing and slow thawing —leads to 
appreciable lowering of the viability of the tumor tissue. 


Contemporary concepts of the mechanisms 
permitting the survival of tissues during deep freez - 
ing are still of a purely hypothetical nature. Thus, 
the most widespread, vitrification theory is based on 
the hypothesis that survival of protoplasm during 
deep freezing is a result of its freezing without the 
formation of crystals, but rather in an amorphous, so - 
called vitreous state. According to the opinion of 
Luyet [11], one of the most essential conditions for 
vitrification is an extremely high rate of cooling 
~in the order of several hundred degrees per sec; as 
a result of the tissue's rapid passage through the 
“dangerous” temperature zone (from —30 to -50°) 
crystallization cannot occur and vitrification takes 
place. According to this point of view the data 
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Fig. 2. Theeffect 

of the rate of freez - 
ing and thawing of 
Ehrlich's ascitic car- 
cinoma on the dura - 
tion of life of the 
mice following their 
inoculation with the 
frozen material. 
control; 2 —slow freez- 
ing and rapid thawing; 
3—slow freezing and 
slow thawing; 4~rap- 
id freezing and slow 
thawing; 5 —rapid 
freezing and rapid 
thawing. 


showing more favorable results with slow freezing than rapid remains unexplained. 


It is known, however, that slow freezing and supercooling lead to a significant 
elevation in the viscosity of the protoplasm, and thus resist the early advent of cry- 
stallization and inhibit it. In addition, in the process of slow freezing a marked de- 
hydration of the cells occurs, due to a gradual loss of water from the extracellular 
formation of ice [2]; this fact also hinders crystallization. 


Thus, vitrification is theoretically completely acceptable not only at super -high 
rates of freezing, but, on the other hand, at comparatively low rates as well. How- 
ever, the final resolution of the question pertaining to the existence of physico-chem- 
ical changes in the protoplasm in the process of freezing-thawing will apparently be- 
long to the methods of electron microscopy and structural analysis using roentgen 
techniques. 


SUMMARY 


A study was made of the effect of the rate of freezing and thawing on the trans- 
plantability and growth of Walker carcinosarcoma and Ehrich's ascitic carcinoma, The 
most favorable results in the take and growth of transplanted tumors was achieved by 
combining slow freezing with rapid thawing, Rapid freezing with slow thawing lead to 
statistically significant reduction of transplantability and delayed growth of the tumors. 
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ANALYSIS OF THE MECHANISM GOVERNING MITOGENETIC 
RADIATION OF THE LIVER IN MICE WITH IMPLANTED CANCERS 
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Translated from Byulleten’ Eksperimental ‘noi Biologii i Meditsiny,Vol. 51, No. 4, 
pp. 102-106, April,1961 

Original article submitted April 25, 1960 


In a previous work [6] we demonstrated stimulation of peptide synthesis in the liver of starved mice, using 
mitogenetic radiation. At that time we postulated that in the liver of normally fed healthy mice, where the cells 
are not sources of mitogenetic radiation [3] because of the absence of fluorescent substances in them [9], peptide 
synthesis is accomplished by the expenditure of great energy quanta. The latter are derived from the recombi- 
nation of free radicals of atoms, occurring as rare phenomena during the enzymatic processes. 


This hypothesis gave rise to another: if the liver of mice with implanted cancers contains cancer “extin- 


guishers,” which we would be led to believe on the basis of the data of S. Ya. Zalkind and M. B. Novikov [7], 
the formation of these great quanta of energy would be inhibited. Thus, peptide synthesis would probably be im- 
peded and the state of the liver in these animals would be analogous, in this regard, to the state of the liver in 
the starved animals. 


The following work was devoted to the experimental verification of this hypothesis. 
METHOD 


Inasmuch as the presence of cancer “extinguisher” in an aqueous extract of the liver [7] may be caused by 
its presence in the blood, it had to be accurately proven that the cancer “extinguisher” was actually present in 
the liver cells. The following method was developed for that purpose. 


The freshly extirpated liver of a mouse with an implanted tumor was ground up with powdered quartz. The 
paste obtained was agitated in physiological saline threetimes, and centrifuged each time. One ml of the super- 
natant fluid was drawn off and three "transfers" were made to a glycocoll solution, following the method of A. 

G. Gurvich (5}. Every third “transfer” was tested for the presence of cancer “extinguisher.” After the last centrif- 
ugation a small amount of the sediment (0.5 ml) was homogenized in a glass homogenizer, and 3 “transfers” to 

a glycocoll solution were also made from the homogenate. The 3rd “transfer” was again tested for the presence 
of cancer “extinguisher.” Determination of the “extinguisher” was carried out according to the method of A. G. 
Gurvich [5]. We used biological detectors to observe the mitogenetic radiation. 


RESULTS 


Cancer “extinguisher” was detected in the 3 “transfers” after the 1st and 2nd centrifugation, not detected 
in the 3 “transfers” after the 3rd centrifugation, and again encountered in the 3 “transfers” of the homogenate. 
Microscopic study of the paste before the homogenizations showed that the powdered liver tissue consisted of such 
small groups of cells and their fragments that it was hardly possible to retain the extinguisher present in the blood 
after two washings. Thus, we concluded that the cancer “extinguisher” was actually contained in the liver cells. 
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TABLE 1 


Determination of “Extinguisher” in the Blood and in the Liver of Mice 
following Subcutaneous Implantation of a Malignant Tumor Fragment 
or Subcutaneous Injection of Ascitic Fluid (exposure 6 sec; effects ex- 
pressed in percent) 


Interval following implantation 
or injection 


Nature of the test 


Radiation from the irradiated glycocol 47 | 49 
solution 
The same, with the addition of the 3rd 
“transfer” from the blood or super - 
natant fluid after the 2nd centri fu - 
gation 
The same, with the addition ot a boiled 55 
3rd “transfer” from the blood or 
supernatant fluid after the 2nd cen - 
trifugation 
-2 


The same, with the addition of the 3rd 
"transfer " from the blood or super 
natant fluid after the 3rd centri fu - 

gation 
The same, with the addition of the 3rd 
"transfer ” from the homogenate 
The same, with the addition of a boiled 
3rd “transfer” from the homog- 
enate 


In line with this, we developed a new hypothesis concerning a possible mechanism for the debilitation of peptide 
synthesis in the liver of the mice. Since innumerable enzymatic processes go on in the liver, accompanied by the 
production of these large energy quanta, the number of these quanta must also be relatively great, and thus, the 
cancer “extinguisher ," whose concentration is extremely low, would not be able to completely prevent their aris- 
al. Hence, in this case only a partial extinguishing must occur. It could be postulated that as a result of such 

a partial extinguishing an inadequate number of the large energy quanta arises, and thus, some of the polypeptide 
molecules do not undergo further consolidation. This results in the loss of the molecule's ability to fluoresce . * 
Hence, an acculumlation of fluorescent substance occurs in the liver. These substances are capable of taking up 
the unextinguished energy quanta and giving them off in the form of photons of mitogenetic radiation. In other 
words, it is quite probable that the liver of mice with implanted tumors possesses the power to radiate mitogenet - 
ically. 


In order to experimentally verify this hypothesis it was of primary importance to determine the times at 
which the “extinguisher” appeared in the blood and in the liver, to investigate - the liver of the animals with im- 
planted tumors for radiation, and, where a positive test result was obtained, to determine the time of its appear - 
ance, 


According to our observations, cancer "extinguisher" appears in the blood even within 20 hr after the sub- 
cutaneous implantation of a tumor fragment in the mice. These data coincide well with the results obtained back 
in 1938 by A. G. Gurvich and L. D. Gurvich [4]. According to those latter results the “extinguisher” appears in 
the blood on the 1st~2nd day after implantation of a tumor fragment. The cancer “extinguisher” can also be 
detected in the liver 20 hours after the tumor implantation; it remains in the liver for a prolonged period (inves - 
tigation after 44, 68 hr and 10-11 days yielded positive results). The data obtained are presented in Table 1, 


* It is known from experimental data that protein molecules do not act as fluorescent substances. 
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* “Transfer” to a saturated glycocoll solution, with subsequent dilution by a factor of 10*, 10° and 10°. 


TABLE 2 The figures in the 1st and 2nd columns repre - 
sent averages of three trials, in the 4th —averages of 
2 trials. In the 3rd and 5th columns are shown data 
from single determinations. 


Determination of “Extinguisher” in the Liver Cells of 
Normally Fed Healthy Mice 20 Hours After Injecting 
1 mi of Natural Cancer "Extinguisher" (6 second Ex - 
posures) The effect in percent (as in Table 2 as well) 

is computed according to the formula :{E-C)/C]: 100, 
where E ~experimental, and C —control. 


Nature of the test 


Radiation from the irradiated glycocoll solutio 16 However, according to the data of A. G. Gur- 
The same, with the addition of the 3rd “transfer 8 vich and L, D. Gurvich [5], natural cancer “extinguish - 
from the supernatant fluid after the 2nd er” penetrates poorly into cells. Thus, we especial - 
centrifugation ly determined the presence of “extinguisher” in the 
The same, with the addition of a boiled 3rd 61 liver of a healthy test mouse 20 hr after subcutaneous 

“transfer” from the supernatant fluid after injection of a solution of natural “extinguisher” 
the 2nd centrifugation (Table 2). 


The same, with the addition of the 3rd “transfer 39 


s can be seen from Table 2, the experiments 
from the supernatant fluid after the 3rd cen - P 


showed that natural “extinguisher” penetrates into 


trifugation 
tected in them 20 hr after the injection. 
from the homogenate 
The same, with the addition of a boiled 3rd 58 Subsequent testing of the liver of animals with 
“transfer” from the homogenate implanted tumors showed that the liver in these ani - 


mals produces mitogenetic radiation. The average 

effect of 15 trials was 37%, This radiation was noted 
22 hr after the mice were injected subcutaneously with 0.2 ml of ascitic fluid from Ehrlich’s adenocarcinoma (in- 
vestigations were not performed at earlier intervals). The spectrum of this radiation consisted of 2 bands~2060- 
2070 A and 2260-2270A ~characteristic of NH, groups, and 2 bands -1980-2000 A and 2440-2450 A—representing 
OH groups. In the mice with well developed tumors we observed these spectral bands at exposures 3 times short- 
er (3 sec) than the exposures necessary to record these bands in the spectra from the selective radiation of the 
livers of mice starved for 4-5 hr (10 sec). This reduction in the exposure time is evidence of an increase in the 
concentration of NH, and OH groups characterized by these spectra. Thus, we concluded that in the liver of mice 
with well developed tumors, as a result of the reduction in peptide synthesis, there prevail dissociative processes 
leading to even greater subdivision of the protein substrate than that which takes place in the liver of mice starved 
for 4-5 hr. 


This conclusion is supported by biochemical investigations [8], in which it was shown that the liver of healthy 
test rats contains fewer amino acids (27.5 uM/ g) and fewer amino acids linked to peptides (29.9 uM /g) than the 
liver of rats with Walker's sarcoma (34.6 uM/g and 45.7 uM/g). 


Actually, this difference is probably even greater, since the liver cells of the starved animals [6] and the 
animals with implanted tumors (as indicated above) produce mitogenetic radiation, and thus, reciprocally radiate 
each other. At the same time, it has been shown with the aid of chemical methods [1] that 30 min irradiation of 
the liver cells in healthy, normally fed animals, using mitogenetic rays, increases their permeability, and, thus, 
their output of amino acids and peptides into the blood. 


The results presented show that cancer “extinguisher,” according to the basic hypothesis, can fully cause 
radiation of the liver, beginning with the earliest intervals of its appearance. This concept was supported by 
the following experiments. 


One ml of hydrolyzed cancer “extinguisher” was injected into normally fed,healthy mice, whose livers, as 
was already indicated, do not radiate. Since the “extinguisher” solution always contained glycocoll in various 
concentrations (2.5 x 10 *, 2.5 x 10°, 2.5 x 10°), due to the method of its preparation,* a solution of glyco- 
coll was injected into the control mice in concentrations of 2.5 x 10°, 2.5 X 10 “ and 2.5 x 10°. In both 
series the liver was tested for radiation 10 min after the injection. The appearance of radiation was recorded in 
the control series only at a concentration of glycocoll equal to 2.5 x 10~*, while in the experimental series liver 
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radiation arose with hydrolyzed cancer “extinguisher” solution injections containing glycocoll in concentration 
of 2.5 x 10° and even 2.5 x 10°, 


However, in considering the question of which mechanism causes the arisal of mitogenetic radiation in the 
liver of the mice with implanted cancers, it is necessary to consider that this radiation may be caused by the ac- 
cumulation of endogenous cancerogenic substance in the liver of these animals. This substance was shown to ra- 
diate by A. G. Gurvich and L. D. Gurvich [5]. 

The presence of this substance in the blood was demonstrated by us only after 4 days following the subcuta- 
neous implantation of a fragment of Ehrlich’s adenocarcinoma in the mice. We were convinced of this by the fact 
that the spectrum of radiation obtained for the blood was identical with the spectrum for endogenous cancerogenic 
substance which was established by E. S. Billig [2]. Thus, this substance could only cause the arisal of radiation 


from the liver at the indicated time interval. 
Therefore, our hypothesis that the appearance of cancer “extinguisher” in the liver cells is sufficient to 


cause its mitogenetic radiation appears to have been justified. 


In conclusion we would like to point out that we have not excluded the possibility that mitogenetic radia - 
tion from the liver of animals with implanted cancers is of a complex character, and consists of 2 and, perhaps, 
even 3 components: the 1st is caused by the appearance of cancer “extinguisher,” the 2nd ~—the appearance of en- 
dogenous carcinogenic substance after 4 days, and, finally, the 3rd —a result of degradation processes. Degrada - 
tion radiation has been described by A. G. Gurvich [5]. 


Thus, the question of the mechanism by which this radiation arises still remains unresolved, and is subject 
to further analysis. 


SUMMARY 


The liver of mice with implanted cancer produces mitogenetic radiation; its spectral analysis shows that the 
protein molecules of the cell substrate become smaller in size. After implantation of a piece of tumor in mice, 
the mitogenetic radiation of the liver and cancer “extinguisher” was detected in its cells in 20-22 hr, whereas 
endogenous cancerogenic substance was detected only after 4 days. 


The results obtained are regarded as a confirmation of the hypothesis formerly advanced by the author of 


the role played by cancer “extinguisher” in the mechanism of mitogenetic radiation of the liver in animals with 
implanted cancers. The complexity of the problem and the necessity of its further study are emphasized. 
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EXPERIMENTAL BIOLOGY 


A STUDY OF THE MECHANISM BY WHICH THE GROWTH OF ORGANS 
IS REGULATED IN EMBRYOGENESIS 


REPORT I, THE EFFECT OF TRANSPLANTED SPLENIC FRAGMENTS FROM ADULT AND 
EMBRYONIC CHICKENS ON THE SPLEEN OF EMBRYO RECIPIENTS 


I. I. Titova 


From the Laboratory of Immunology in Embryogenesis (Head: Candidate in Medical 
Sciences O. E. Vyazov) of the Institute of Experimental Biology (Director: Prof. I. N. 
Maiskii) of the Akad. Med. Nauk SSSR, Moscow 

(Presented by Active Member of the Akad. Med. Nauk SSSR N. N. Zhukov -Verezhnikov) 
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Original article submitted April 22, 1960 


In the course of many years, investigators working on the problem of growth regulation and tissue develop- 
ment have become interested in the phenomenon of growth stimulation caused by splenic tissue from adult chick - 
ens being transplanted to the chorioallantois of chick embryos. Thus, Murphy [3], V. Danchakoff [1], Willer [5], 


Pomerat [4], Ebert [2] and others showed that splenic fragments from adult chickens transplanted to the chorio- 
allantois of chick embryos previously incubated for 9-10 days stimulate the growth of the spleen in the embryo 
recipients. The power of the transplanted chicken spleen to cause the stimulation of splenic growth in the embryo 
recipient increases in direct proportion to the age of the donor [2}. 


Thus, in its own right the phenomenon of growth stimulation of embryonic organs secondary to the influence 
of transplants of the corresponding tissues can hardly be doubted at the present time. 


However, it remains unkown in what manner the transplanted splenic fragment from the adult chickens acts 
on the spleen of the embryo recipients, and what mechanisms are involved in this effect. 


In order to approach the resolution of this question we carried out an investigation in which we attempted 
to clarify whether or not there exists a relationship between the nature of the growth stimulation effect and the 
age of the transplant donors and the embryo recipients. 


As the recipients in the work we used chick embryos at 4, 6, 8 and 10 days of incubation. Adult roosters 
and chick embryos at 14 and 17 days of incubation served as donors. 


The experiments were performed in the following manner. The eggs were initially transilluminated by 
means of an ovoscope, and a site noted where there was satisfactory branching of the chorioallantoic vessels. In 
the corresponding area of the shell we sawed out a little window, approximately 1 cm’, Subsequent operations 
were carried out in a box, under sterile conditions. The shell was carefully removed with fine forceps, so as not 
to injure the membrane under the shell. Then one drop of physiologica! saline containing penicillin was applied 
to the membrane, and it was carefully removed with the fine forceps. A small fragment of spleen, 1—1.5 mm 
in size, was placed on the vascular field thus exposed. The little window was covered with the shell, which was 
fixed in place with melted parafin. It was impossible to transplant tissue to the chorioallantois of embryos in 
the 4th and 6th days of incubation, so the transplantation was performed to the branching of the vessels in the 


yolk sac. 
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TABLE 1 


The Action of Splenic Transplants from Adult Chickens on the Growth of Organs in 
Chick Embryos 


Relationship of wt. of organs to total wt, of embryos 


spleen hears liver 
|}2|S82 |s2 | | s2 |se 
4-Day test group . . 31 | 0,00063 | 128,7/ 0,101 | 101 0,015! 98 
Control 't 16 0 ,00049 100 | 0,0100 100 0,0154 100 
6-Day test group . . 21 0,00083 105,0) 0,011 91,7; 0,021 100 
Control - 25 0,00079 100 | 0,012 100 0,021 100 
8-Day test group - 38 | 0,001! 122,2| 0,0112 | 99,1) 0,023 100 
Control .< 26 0 ,0009 100 | 0,0113 100 0,023 100 
10-Day test group. . 38 0 ,0026 288,9) 0,010 120,5) 0,032 139 
Control us 20 0 ,0009 100 | 0,0083 | 100 0,023 100 1 


Note: In Tables 1 and 2 the figures reflecting statistically significant changes 
in the weight of an organ are set in boldface type. 


TABLE 2 


The Action of Splenic Transplants from Chick Embryos on the Growth of Organs in 
Chick Embryos 


Relationship of wt. of organs to total wt. of embryos 


spleen heart liver: 
Embryo donor and s 
embryo recipient groups| & 5. Ss. isa 
SE 28) se se (Sse 
Z (sei sé isé 
Test { doner 17 days 
recipient 4 days 14 | 0,0005 125 | 0,0118 | 104,4) 0,0173 | 108,1 
Control 12 0,0004 100 0,0113 | 100 0,0160 | 100 
Test , donor 17 days 
{ recipient 10 days 14 | 0,00075 | 131,6} 0,0099 | 111,2) 0,0256 | 113,8 
Control 14 0,00057 100 0,0089 | 100 0 ,0225 | 100 
recipient 10 days 28 | 0,0009 112,5| 0,0082 | 97,6] 0,023 | 104,5 ww 
Control 31 0,0008 100 0,0084 | 100 0,022 | 100 % 


For the control we used embryos of the same incubation age as those in the experiment. We performed the 

same manipulations on them as we did on the experimental embryos, with the exception of the transplantation. 

The material for the transplantation was sterilely removed from a freshly killed rooster or from fresh embryos. The 

isolated organs were placed in Petri dishes containing physiological saline. Then the necessary tissue was removed 

with a scalpel, and divided into fragments. Up to the moment of transplantation (in the course of 1-2 hr) the ‘ng 

finely divided tissue was kept in a refrigerator at 2-4". ae 
Seven days after the operation the embryo on whose chorioallantois we noted good growth of the transplants 

were removed. Both the whole embryos and their individual organs were weighed (spleen, heart, liver). 


In order to evaluate the results both in the test group and in the contol we calculated the relationship be- 
tween the weight of the given organs and the weight of the intact embryo. The data obtained was subjected to 
statistical analysis, following the method of Fisher-Student. Theresults, were considered significant when P did 4 
not exceed 0.02. 
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RESULTS 


In Table 1 we present the results obtained in the experiments dealing with the action of splenic transplants 
from adult chickens on the growth of organs in chick embryos in the 4th, 6th, 8th and 10th days of incubation. 


As can be seen from Table 1, under the influence of fragments from the spleens of adult chickens 
growing in the vascular field of the yolk sac in embryos at the four day incubation stage, an enlargement occurred 
in the spleen of 28.7%, while the heart and liver did not show changes. 


Splenic fragments from adult chickens transplanted to the yolk sac of chick embryos at the six-day incuba - 
tion stage did not demonstrate any actual effect on the growth of the organs in the recipients. 


Under the influence of splenic fragments from adult chickens transplanted to the chorioallantois of 8-day 
chick embryos, growth stimulation of the spleen occurred in the recipients, equal to 22.2%; growth of the heart 
and liver did not change. Under the influence of splenic fragments from adult chickens transplanted to the cho- 
rioallantois of 10-day chick embryos, growth stimulation occurred in the spleen (by 188.9%) and in the liver (by 
39%). 


Thus, under the influence of transplanted splenic fragments from adult chickens, growth stimulation took 
place in our experiments on the spleen of almost all the embryo recipients. The exception was the six-day em- 
bryos, in which growth stimulation of the organs was not observed. In addition, it may be noted that during trans- 
plantation of the spleen from adult chickens to the 4- and 8-day embryos there took place an increase in the 
growth rate of the spleen only, while with transplantation to the 10-day embryos the growth rate of both the spleen 
and the liver increased. 


In Table 2 we present the results of experiments dealing with the action of splenic transplants from chick 
embryos of the 14- and 17-day incubation stages on the growth of organs in embryos of four and ten days incuba - 
tion. 


As can be seen from Table 2, growth stimulation of the 4-day chick embryos occurred in the spleen (by 
25%) under the influence of transplanted splenic fragments from 17-day chick embryos, at the same time that 
the growth of the other organs (heart and liver) did not show essential changes. 


However, under the influence of transplanted spleen from the 17-day embryos to the 10-day chick embryos, 
there occurred growth stimulation both in the spleen (by 31.6%) as well as in the heart (by 11.2%) and in the liver 
(by 13.8%). 


Growth stimulation only occurred in the spleen (by 12.5%) under the influence of transplanted spleen from 
the 14-day chick embryos to the 10-day embryos. 


Thus, under the influence of transplanted spleen from the chick embryos of the 17- and 14-day incubation 
stages,there occurred an increase in the growth rate of the spleen in the embryo recipients of all stages investi - 
gated. In addition, with transplantation of the spleen from the 17-day embryos to the 10-day chick embryos,an 
increase in the growth rate took place not only in the spleen, but in the heart and liver as well. 


Hence, the results of the experiments presented above showed that transplantation of splenic fragments 
from adult chickens exerts an influence on the growth rate of organs in chick embryo recipients at the various 
incubation stages studied. An exception is noted in the 6-day embryo recipients. 


However, the nature of this influence depends on the age of the embryo recipients. At some stages of de- 
velopment (4 and 8 days of incubation) a specific effect took place on the growth of the spleen. At the same 
time, at other stages (10 days) transplantation of splenic fragments from adult chickens led to nonspecific growth 
stimulation of the spleen, liver, and heart. 


Splenic fragments from the chick embryos (14 and 17 days of incubation) exerted an influence on the 
growth rate of the organs in the chick embryo recipients, However, this influence differed in its character from 
the influence which was demonstrated by the splenic fragments from the adult chickens. 


The spleen from the 17-day embryos transplanted to the 4-day embryos, and the splenic tissue from the 
14-day embryos transplanted to the 10-day embryos, demonstrated a specific influence on the growth of the 
spleen. Nonspecific influence on the growth rate of the spleen, heart and liver in the 10-day embryos was ex- 
erted by the tissue from the 17-day embryos. These data show that the character of the changes in the growth 
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of organs of the embryo recipients depends on the age of the transplanted tissue donor as well. 


Thus, the data presented in this work show that the character of the changes in the growth of embryonal 
organs in response to transplantation of the corresponding tissue to the embryo depends both on the stage of de- 
velopment of the recipients and on the stage of development of the donors from which the transplants were taken. 


SUMMARY 


Spieen fragments obtained from chickens and chick embryos (after 4, 6, 8 and 10 days of incubation) were 
grafted on membranes of chick embryos. The transplants exerted a definite effect on the growth of the organs 
in the recipients (specific and nonspecific growth stimulation). Changes occurring in the growth of the embryonic 
organs in response to transplantation of corresponding tissues depended on the stage of the recipient's and donor's 
development. 
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According to the results of numerous investigators, hypophysectomy produces inhibition of both normal and 
malignant growth in animals and has no effect, at least in certain animals, on the course of processes of regener - 
ation and compensatory hypertrophy [5, 7, 9, 10, 16}. 


On the basis of the results in the literature it is difficult to assess the changes which hypophysectomy causes 
in physiological regeneration, a process which in the opinion of M. A. Vorontsova [1] lies at the root of processes 
of malignant growth, regeneration, and compensatory hypertrophy. It is known that hypophysectomy inhibits physio - 
logical regeneration in those organs whose function is regulated by one of the hypophyseal hormones, such as the 
gonadotrophins. As for the effect of hypophysectomy on physiological regeneration in organs whose function does 
not come under the direct regulating influence of hypophyseal hormones, information concerning this question is 
fragmentary and contradictory [14, 17]. Nevertheless, the solution of this question is of not only theoretical but 
also practical interest, since in recent years there have beenpublished reports [15] of successful hypophysectomy 
in man, carried out in connection with repeated metastases of breast cancer. Hence a comprehensive study of 
the state of the hypophysectomized organism is important for clinicians (6, 3}. 


All the points mentioned above provided the grounds for carrying out the present investigation into physio - 
logical regeneration in the mucosa of the small intestine of hypophysectomized rats. 


Physiological regeneration in the mucosa of the small intestine has frequently been the subject of investi - 
gations, as a result of which it has been established that the rebuilding phase of physiological regeneration is 
characterized by a certain level of mitotic activity, which regularly changes over the course of twenty -four hours 
(4, 8, 11,13} Although the results obtained by different investigators concerning the character of the daily rhy- 
thm in the mucosa of the small intestine are not always in agreement, the fact of its existence may nevertheless 
be considered proved. In the literature there are no results concerning the question of how the daily rhythm of 
mitotic activity in the mucosa of the small intestine changes after hypophysectomy. The only study is that of 
Leblond and Carriere [14],who devoted part of their paper to studies of the level of mitotic activity in the epi - 
thelium of the dudenal mucosa of hypophysectomized rats. During these investigations the authors observed that 
mitotic activity in the epithelium of the crypts of Lieberkihn in intact animals was 8%, and in hypophysectomized 
animals 3.9%; i.e., hypophysectomy leads to a two-fold decline in the number of mitoses. 


The aim of the present study was to determine how the level and rhythm of mitotic activity in the intes- 
tinal mucosa changes after hypophysectomy. 
METHODS 


Male white rats weighing 150 g served as experimental animals. Between August 3 and August 11, 1959, 
animals were hypophysectomized by the method of Smith, with some modifications described in detail by S. G, 
Gasanov [2]. Experimental and control rats were kept, 5 or 6 to a cage, on a synthetic diet supplemented by 
wheat mash and milk. Between August 26 and August 27, 1959, the control and hypophysectomized animals were 
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sacrificed by decapitation at the following times: 10 A. 
tomized and 8 control rats were sacrificed in each period. Completeness of hypophysectomy was evaluated on the 


M., 6 and 10 P.M., and 4 and 7 A.M.; 4-6 hypophysec- 


basis of macroscopic observation of the excised hypophysis at the time of the operation, and was evaluated at the 


time of sacrifice of the animals on the basis of retarded 


growth and atrophy of the testes, as indicated by a de- 


crease in body weight and weight of the testes of the experimental animals in comparison with the controls (see 


Table 1). 


TABLE 1 


Influence of Hypophysectomy on Body Weight, Weight 
of Testes, and Number of Cells in the Crypts of Lieber- 
kOhn in the Small Intestine of Rats 


No. of epi- 


Weight of 
— thelial cells 


Body wt. 
Group of animals — 


testes, ing crypt 
Final 
Control 209 1200 73.1 
Experiment 144 365 53.4 


For experimental purposes,only those animals 


were accepted in which the hypophysis was complete - 


ly removed. Since hypophysectomies were carried 
out over the course of a week,while the animals were 
sacrificed within 24 hr, the period between hypophy - 
sectomy and death was not constant. In order that 
this difference might not be significantly reflected 
in the experimental results, animals were chosen for 
each period of sacrifice in such a way that the time 
from the moment of hypophysectomy was on the aver - 
age the same for all groups of animals (19 days). 
Moreover, the experimental results were analyzed 
with respect to the individual length of life of an 
animal after hypophysectomy, and no corresponding 
differences were observed, 


To study mitotic activity, pieces of small intestine taken just at the point of junction with the mesocolon 
were fixed in Bouin's fluid. Transverse paraffin sections 7p in thickness were stained by hematoxylin and eosin. 
A count of mitoses at each phase was carried out in 50 crypts sectioned longitudinally. Mitotic activity was ex- 
pressed as the number of mitoses per 1000 cells: For this purpose a count was taken of the number of cells in 
200 crypts of control animals and 200 crypts of experimental animals. This count became essential because in- 


spection of the preparations drew attention to the fact that crypts were shorter in hypophysectomized animals than 


in control rats. When the number of epithelial cells in 


one crypt was counted, this observation was borne out 


(see Table 1). In hypophysectomized rats each crypt contained on the average 53.4 cells, while this figure was 
73.1 for control animals. The difference is statistically significant (P = 0.001), 


TABLE 2 


Diurnal Variations in Mitotic Activity in the Epi- 
thelium of the Crypts of Lieberkihn in Hypophysec - 
tomized and Control Rats 

Number of mitoses occurring 


_in one crypt _per 1000 cells 


Fixation (time 


of day) 
control jexpt. | control | expt. 

10 A.M 3,3 2,2 45 42 

6 P.M 3,1 2,2 41 41 

10 P.M 3,9 2,1 52 40 

4 A.M 4,6 3,7 62 68 
7A.M 3,8 2,6 52 49 
Average . . | 3,7 | 2,5 50 | 48 

P=0,017 P=0,6 


In the present investigation, the difference in the 
number of cells in crypts of hypophysectomized and nor - 
mal animals was taken into account in computing the 
mitotic coefficient. All the results were treated statis - 
tically by the Fisher-Student method. 


RESULTS 


The results of counting the number of mitoses in 
the epithelium of the crypts of LieberkXhn from the in- 
testine of control and hypophysectomized rats are given 
in Table 2 and depicted graphically in the figure. 


It is apparent from Table 2 and the figure that mi- 
totic activity in the epithelium of the intestinal mucosa 
of control rats is at a low and approximately constant 
level at 10 A. M. and 6 P. M. At 10 P.M. an increase 
in mitotic activity begins to appear, but the increased 
number of dividing cells is not statistically significant 


(P=0.04). The largest number of mitoses was detected 


at 4 A.M., and this declined somewhat at 7A.M. The 
difference in the number of mitoses observed at 4 A.M. 


and 6 P.M. is statistically significant (P= 0.001). Differences among the number of mitoses observed at 4 A.M., 
7 A.M., and 10 P.M. are not significant (P= 0.06). Analysis of the results by mitotic phases showed that the 


number of all phases of mitosis increased at 4 A.M. 


. 

ig 

= 

~ 

7 

‘te 
| 
“ye 

95 

4 


It is also evident from the results in Table 2 that the aver- 
age number of mitoses in one crypt of hypophysectomized ani - 
mals is lower than the value in control rats by about 1/3. This 
difference is statistically significant. However, when the number 
of mitoses is computed on the basis of 1000 cells, taking intoac- 
count the fact that the number of cells in the crypt of a hypophy- 
sectomized animal is lower than the control value by about 1/3 
(see Table 1), this difference disappears. The average number 
of mitoses per 1000 cells in hypophysectomized animals was 48, 
and this value was 50 in controls; the difference is not statisti - 
cally significant (P= 0.6). Consequently, it was not possible to 
detect any decline in mitotic activity in the mucosa of thesmall 
intestine of hypophysectomized rats. Moreover, it was observed 
that not only is there no change in the level of mitotic activity 
after hypophysectomy, but also the daily rhythm of cellular di- 

_ 10AM 6PM 10PM 4AM7AM vision persists in the epithelium of the crypts of Lieberkthn of 
Time of death of the rats (time of day) hypophysectomized rats. It is evident from the results of Table 
Diurnal variations in mitotic activity in the 2 and the figure that the number of mitoses at 10 A.M. and 6 
epithelium of the crypts of Lieberkihn in P.M. in hypophysectomized rats and also in controls is at the same 
the small intestine of hypophysectomized rather low level. Unlike the controls, the hypophysectomized 
and control rats. 1) Control; 2) experimental. animals also have low mitotic activity at 10 P.M., but this in- 

creases sharply at 4 A.M. without the gradual transition observed 
in control rats. 
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At 7 A.M. some decrease in the number of mitoses takes place in both hypophysectomized and control rats, 
but the level of mitotic activity still remains high. The increased number of mitoses at 4 A.M. in experimental 
animals, as well as the decline at 7 A.M., is statistically significant (P= 0.003). Analysis of the results by mitotic 
phases showed that all phases of mitosis are involved in the increased number of mitoses at 4 A.M. in both experi - 


mental and control rats. 


Thus, the results allow one to draw the conclusion that the rebuilding phase of physiological regeneration in 
the mucosa of the small intestine of control rats is characterized by a definite level of mitotic activity representing 
on the average 51 mitoses per 1000 cells, and by the presence of a diurnal rhythm of cellular multiplication; fur- 
thermore, the curve of the diurnal rhythm has a single-peak character, with maximum number of mitoses at 4 
A.M. The maximal number of cellular divisions depends upon increased counts of all phases of mitosis. These 
results support the findings of some other investigators (8, 11, 13] as to the existence of a diurnal rhythm of cel- 
lular multiplication in the epithelium of the small intestine, and are in almost complete agreement with the ex- 
perimental results of M. T. Gololobova [4]. 

As the results of our experiments showed, some atrophy of the mucosa of the small intestine sets in after 
hypophysectomy and is reflected, in particular, in the shortened length of the crypts of Lieberkihn and in the de- 
creased number of epithelial cells in the crypts. 


The observations completely support the results of Haeger, Jacobsohn, and Kahlson [12], who showed that 
the weight of the intestinal mucosa of cats declines by a factor of two within two weeks of hypophysectomy and 
that the fibers are significantly shortened. 


From the results of the present study, hypophysectomy produces no changes in the level of mitotic activity, 
its diurnal rhythm, and ratios of mitotic phases in the mucosa of the small intestine of rats. 


The discrepancy between these results and those of Leblond and Carriere [14] are apparently due to the fact 
that the latter authors, when analyzing their material, took no accountof the difference in the length of the crypts 
and correspondingly in the number of nuclei per crypt in control and hypophysectomized animals. 


The fact that the rebuilding phase of physiological regeneration is unchanged after hypophysectomy is im- 
portant for appraisal of the over-all conditions of the hypophysectomized organism, inasmuch as one of the most 
important functions of the organism, digestion, is directly dependent upon the rate of cellular multiplication and 
the turn-over rate of epithelial cells of the crypts of Lieberkihn in the intestine. 
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SUMMARY 


The number of mitoses was studied in the epithelium of Lieberkuhn's crypts in control and hypophysecto- 
mized rats sacrificed at different times of the day, Hypophysectomy provoked no changes of the mitotic activity 
(as estimated per 1000 cells) nor of the diurnal rhythm of cell division. However, the number of cells in the 
crypts of the small intestine proved to be diminished in hypophysectomized animals, 
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The regeneration process in the liver has been studied mainly in the early periods following infliction of 
traumas [1, 2, 4, 6, 7, 11}. Prolonged periods of observation have usually not exceeded 3 months. Investigations 
of the liver at later periods after partial resection has only been carried out in a few works, and on a small num- 


ber of animals. 


Investigators (3, 5, 12, 13) have not observed any peculiarities in the structure and function of the regener - 
ating liver. Only Forti (8) writes that in rats, 1-2 yr after partial removal of the liver, the remaining portion of 
the organ has indeed increased in size, but almost always weighs somewhat less than the liver of the control ani - 


mals. In addition, he observed a reduction in the functional activity of the organ operated upon, as judged by the 
quinine sulfate test. 

Thus, investigation of the regenerating liver at prolonged intervals after the partial removal of the organ 
has been performed to an inadequate degree, and in the appraisal of the results obtained the opinions of the authors 
are divergent. 

Meanwhile, it is of great theoretical and practical interest to elucidate how fully and stably the organs are 
regenerated after resection, and whether, with the passage of time, the regenerating organ begins to differ from 
the normal one. 


Thus, it seemed timely to us to carry out a histological study of the regenerating liver at late intervals after 
partial removal of the organ. 


METHOD 


The experiments were performed on female rats with an initial body weight of 130-150 grams. The ani- 
mals were operated upon according to the method of Higgins and Anderson [10]. We removed the left lateral and 
central lobes of the liver, which made up 2/3 of the organ. 


The experimental and control anima!s received an abundant supply of white bread and water for the first 
2 days following the operation. Then all the animals were transferred to the normal synthetic diet, and the rats 
were maintained under these conditions until the end of the experiment. 


The experimental animals and their corresponding controls were sacrificed 2, 5, 11 and 17 months after the 
operation. The liver was quickly removed and weighed. Material was fixed in a 12% solution of formalin. The 
preparations were stained with hematoxylin-eosin. The reticular fibers were demonstrated with the use of Gomori's 


silver stain [9]. 
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RESULTS 


As the weighing showed, in the control rats the liver growth proceeds uninterruptedly, but the relative weight 
of the liver quickly attains a certain magnitude and, after this, remains more or less constant up to 17 months, 
equalling 3.4-3.8%, 


Change in the Absolute and Relative Weight of the Control and Regenerating 
Liver in the Rat 


Duration of Number] Weightof | Weight of the liver 

experiment| Group of animals of |animmaisat | absolute] relative 

(ia animals (in g )| (in 
Test 12 190 7.690 . 
Control 7 220 7.550 
Test 13 237 7.960 
Control 6 230 8.600 
Test 14 277 

Control 8 322 


The absolute weight of the regenerating liver in the period from 2 to 17 months after the operation changes 
very little, as a result of which by the 17th month it weighs considerably less than the liver in the control animals 
of the same age. The relative weight of the regenerating liver also decreases; and by the 17th month comprises 
2.7% of the body weight, i.e., it is1.5 times less than the weight of the regenerating liver at earlier intervals of 
the investigations (2 months),when the relative weight is 4,1% (table). 


In the histological investigation of the regenerating liver 2 months after the operation we detected certain 
deviations from the normal. The nuclei and cytoplasm of the mononuclear hepatic cells still remain hypertroph- 
ied. Polymorphism of the liver cells, which stands out especially clearly in the liver at early periods of regener - 
ation, decreases to an appreciable degree after 2 months: at this time we were unable to find mitotically divid- 
ing cells in the liver of the rats operated upon, nor did we encounter areas with destroyed cellsj a significant num - 
ber of binucleated hepatic cells was apparent in the preparations, 


Staining the reticular fibers was also not observed to differ from the normal in any essential way, Fine branch- 
ing threads of reticular fibers were arranged throughout the entire parenchyma of the liver; their distribution was 
observed to be more dense in the region of the large blood vessels. This type of reticular fiber distribution was 
observed in the liver of control animals of the same age; 


Five months after the operation the general histological picture of the regenerating liver was the same as 
that which was observed at earlier intervals after the operation (2 months). However, study of the reticular fibers 
in the liver of the rats operated upon disclosed their heterogeneity. In the majority of the animals the usual dis- 
tribution of reticular fibers was retained, being the same as that intrinsic to the liver in the control rats of that 
age. However, in two rats it was possible to observe proliferation and thickening of the reticular fibers. This pro- 
liferation was local in character; it appeared in the region of the large blood vessels, and spread out fromthere 
deep into the parenchyma of the liver. In the areas of proliferation and thickening of the reticular fibers we ob- 
served destructive changes in the parenchymal cells. The cytoplasm of the hepatic cells in this case stained weak - 
ly with the normal histologic stains, and several cells were missing their nuclei. 


Eleven months after the operation a more clearly defined polymorphism was again observed in the hepatic 
cells; it was manifested by the appearance of a significant number of cells with small nuclei and a rather appre- 
ciable number of binucleated cells. 


Well defined results were again not obtained for the reticular fibers. In certain cases we observed prolifer - 
ation and thickening of the reticular fibers. They became more coarse and their network condensed, mainly in 
the region of the blood vessels. We observed this picture in 4 of the 8 rats, while in the remaining cases the re- 
ticular framework of the regenerating liver did not differ from that seen in the control animals. 
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4 Reticular fibers in the liver of a rat 17 months after the beginning of the ex- 

periment; a) control; b) regeneration. Stained according to Gomori. Magni - 

fication: oc. 5X, obj. 45 X (I); oc. 5X, obj. 100 

a Subsequent to dissection of the test animals 17 months after the operation we noted a considerable develop- 
4 ment of the epiplodn. In these animals the liver was soft, flaccid, and had many adhesions with surrounding or - 

1 gans and tissues, but its color remained normal. 

J Through histological investigation a number of morphological changes were detected. Along with unchang- 
g ed liver cells there was a rather large number of hepatic cells with vacuolated cytoplasm. Cells were also en- 

q countered in the preparations whose nuclei were in the early stages of disintegration. The appearance of a signif - 
a icant number of binuclear cells was observed; the dimensions of their nuclei were most frequently smaller than 
A the dimensions of the mononuclear hepatic cells, although the latter were also decreased. 

1 Staining of the reticular fibers showed that they proliferated markedly in individual areas of the liver; the 
4 reticular fibers were notably thickened. 

4 A series of age changeswas also observed in the liver of the control animals by the 17th month, as well as 

q a richer development of the reticular framework. However, the proliferation of the reticular fibers in the liver of 
4 the rats operated upon was always appreciably greater (figure). 
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The changes in the reticular fibers can probably be regarded as a result of reduction in the permeability of 
the walls of the blood vessels, which leads to deterioration of the nutritive supply and to the development of dys- 
trophic changes in the liver tissue. 


Actually, it was frequently possible to observe disintegrating liver cells in those areas where proliferation 
of the reticular fibers took place. 


Thus, on the basis of the investigation carried out, it may be said that morphological changes occur in the 
regenerating liver of rats at late intervals after trauma which are dystrophic in nature. The development of adi- 
pose tissue observed 17 months after the operation is probably a result of disruption of the regenerating liver's 
normal functioning, which is closely related to the destructive changes arising in the organ at these intervals in 
the investigation. 


Our investigations do not yet permit drawing wider conclusions, but it can be reasonably asserted that under 
conditions of our experiments clearly defined differences have been established between the growth changes of the 


normal and regenerated liver. 
SUMMARY 


The author carried out a histological study of the regenerating liver of rats at remote periods (2, 5, 11 and 
17 months) after the operation. 


Development of dystrophic processes was observed 17 months after the excision of */s of the organ by 
Higgins and Anderson's method, The weight of the liver decreased in experimental animals and was much lower 
than incontrols, A large number of binuclear cells with small nuclei appeared; mononuclear hepatic cells de- 
creased in size; proliferation and thickening of reticular fibers was detected by Gomori's staining. 
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. ON THE PRINCIPLES OF CARTILAGE REGENERATION ASSOCIATED 

WITH ITS CULTIVATION IN THE ORGANISM® 

Z. S. Khlystova 

i From the Department of Histology and Embryology (Head: Prof. Z. S. Khlystova) 

; of the Orenburg Medical Institute (Director: S. S. Mikhailov) 

d (Presented by Active Member of the Akad. Med. Nauk SSSR A. V. Lebedinskii) 

‘ Translated from Byulleten" Eksperimental ‘noi Biologii i Meditsiny, Vol. 51, No. 4, 

3 pp. 118-121, April, 1961 

. Original article submitted May 10, 1960 

4 

j In the opinion of some authors, transplanted cartilage tissue can only regenerate from perichondrium which 
4 is retained (11, 15, 7) or from the surrounding connective tissue (2, 3, 12}. There are indications that the carti- 
: lage has an inductive effect on the connective tissue (1, 8,10,13,16**}. Other investigators (3, 4, 5, 7, 14] be- 

F lieve that cartilaginous tissue can regenerate not only from perichondrium and surrounding connective tissue, but 
; also through multiplication of the cartilage cells themselves. K. E. Gromtseva [6] considers that the outcome of 
* cartilage transplantation depends on the age of the donor. Progressive changes are possible only in young trans - 


planted cartilage. 


The controversy in the data found in the literature on such an important question makes it necessary to ap- 
ply new investigative methods in order to establish the rules and conditions of cartilage regeneration. In connec - 
tion with this, we adopted the method of tissue cultivation in the organism developed by F.. M. Lazarenko [9]. 
This method has been very effective in demonstrating the properties of other tissues. 


METHOD AND RESULTS 


Homotransplantation was carried out using ground costal cartilage from the donor together with fragments 
of celloidin as a stimulus; the material was placed in the subcutaneous layer of the recipient. The experiments 
were cartied out on chickens and rabbits. As donors we used embryos in the last days of development, young and 
old animals, while the recipients were young and old animals. This permitted us to clarify the age peculiarities 
in the regeneration of implanted cartilage. The implants were extirpated at intervals of from 1 to 65 days, fixed 
in Zenker's solution, imbedded in celloidin, and sections stained with Carazzi's hematoxylin, eosin and picrofuch- 
sin. 


Introduction of the implant into the subcutaneous layer caused an aseptic inflammatory reaction in the 
tissues surrounding the implant on the first day. Both in the chickens and in the rabbits the hyaline cartilage of 
the donor in the implants was present under the same conditions—in the focus of the aseptic inflammation. 


With implantation of the cartilage from the embryos all the fragments of the tissue that lacked perichond - 
rium on their surface or had only part of it survived completely on the first day of the experiment; the cartilage 
cells entered a depressed state. 


On the second day of the experiment the cartilaginous tissue in the fragments retaining their perichondrium 
and the fragments lacking this tissue became impregnated with inflammatory exudate, and their cells began to 
proliferate. The cartilage cells along the edge and in the middle of the fragment began to divide mitotically, 
and the dimensions of the implanted piece of cartilage increased as a result of internal growth. 


* Presented at the 2nd Histological Conference in June, 1959. 
* *As in Russian original — Publisher. 
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The cells of the partially retained embryonal perichondrium, present in certain fragments, became similar 
to the connective tissue cells of the recipient surrounding the implant. The intensity with which they did this 
depended on the degree of stimulation. The perichondrial tissue of the donor in the implant responded to the reg- 
ulatory mechanisms present in the organism of the adult recipient, and grew as though it were the tissue of that 
organism. These and other cells moved into the interspace between the particles of celloidin, and took part in 
the structure of the connective tissue in the intercelloidin layers and the capsule around the celloidin. All the 
cartilage fragments initially bearing perichondrium on their surfaces, as well as those without it, were seen to be 
surrounded with connective tissue which arose from the elements of the donor and the recipient. 


On the 4th-5th days of the experiment highly vascularized intercelloidin connective tissue layers arose in 
the implant. A typical network of fibroblasts developed anew around all the cartilage fragments. It assumed the 
function of the perichondrium, giving rise to new cartilage cells. Through this the dimensions of the implanted 
fragments of cartilage increased by appositional growth (Fig. 1). Thus, a new perichondrium arose around the im- 
planted fragments of cartilage from the donor, out of the tissues of the donor and of the recipient. 


On the 6th-12th days of the experiment new isogenous groups appeared in the cartilage, earlier in the birds, 
later in the rabbits. When the fragments of cartilage became coarse and the nutrition of the central cells deterio- 
rated, layers of connective tissue containing new blood vessels grew into the cartilage from the periphery, out of 
the new perichondrium (Figs. 1 and 2), The mitotic activity of the cartilage cells around the new blood vessels 


increased. 
tilage from the embryos of birds and mammals re- 


i tained their viability and acquired complete simi - 
: larity to the cartilage of the adult organism. At 
their periphery there was a zone of appositional growth 
and in the center of the fragment there were coarse 
isogenous groups containing from 6 to 10 cells. 


Having obtained the survival of the embryonic 
cartilage in all cases when the material was culti- 
vated in the organism of birds and mammals, and 
having observed the new formation of perichondrium 
from the tissues of the donor and the recipient with 
regeneration of cartilage tissue, we decided, in the 
same manner, to ascertain the presence of these prop- 
erties in postnatal cartilage depending upon the 
age of the organism. To do this, we cultivated the 
costal cartilage of young and 2-year-old rabbits, 
both with preservation Of the perichondrium and with 
its removal. 


“a 


With cultivations of the cartilage from the 
young animals both with and without the perichon- 
drium the cartilage tissue entered a depressed state 
on the 1st day of implantation. On the 2nd day, vi- 
able elements and cells appeared, having arisen in the process of reverse development. The latter were in great- 
er number in the fragments lacking perichondrium and having undergone especially severe trauma. 


Fig. 1. Hyaline cartilage culture. Six-day stage. 
Stained with hematoxylin-eosin. Photomicrograph. 
Magnification: obj. 3X, oc, 10x. 


In the cartilage implants with the perichondrium taken from the young animals, the perichondrial cells 
were activated (just as with implantation of the embryonal cartilage), proliferated on the sides, and, together with 
the cells of the recipient, took part in the structure of the intercelloidin connective tissue layers. The cartilage 
cells distributed under the perichondrium and deeper, but not in the center, were activated by the effect of the 
inflammation, and began to divide mitotically and amitotically, while the most central cells perished. In the 
cartilage fragments implanted without perichondrium the cartilage cells were also activated and divided, but here 
a much larger number of cells underwent reverse development than in the first case. 


On the 6th-8th days of the experiment all the fragments in the cartilage implants containing portions of 
perichondrium became covered with new perichondrium consisting of tissues from the donor and the recipient. 
In the implants of cartilage without perichondrium only those fragments which also covered themselves with new 
perichondrium survived, while the fragments that were most traumatized during the operation did not acquire 
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Fig. 2. 


obj. 6X, oc. 2X. 


a Fig. 3. Hyaline cartilage culture. Eight-day stage. 

¥ Drawn from a photomicrograph at a magnification 

q of: obj. 6X, oc. 2X. Stained with hematoxylin-eosin. 
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Hyaline cartilage culture. Ten-day stage. Stained 
with hematoxylin-eosin. Photomicrograph. Magnification: 
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perichondrium and underwent reverse development. 
Following the development of the perichondrium (Fig. 
3), growth of the tissue was completely similar in all 
the fragments, i.e.,was both appositional and intussus- 
ceptive. The cartilage cells divided both mitotically 
and amitotically, and the dimensions of the implanted 
cartilage fragments increased. 


The old isogenous groups in the central portions 
of the large growing cartilage fragments began to die. 
At this time a non-uniformity appeared in the isoge- 
nous groups and in the cells within a single isogenous 
group. Along with mass destruction of cartilage cells 
there were isogenous groups with fully developed cells 
that survived. Within a single isogenous group there 
were differentiating cells along the periphery and mitot- 
ically dividing cells in the center. It gave the impres- 
sion that the isogenous group consisted of a collection 
of cells at varying stages of differentiation, securing 
support for the structure of the isogenous group as the 
basic element of the cartilaginous tissue. With age the 
proportion of cells dividing mitotically and amitotical- 
ly changed within the cartilage tissue of the implant. 
Beginning with the 20-25-day stage of implantation the 
number of mitoses in the cartilage decreased and the 
number of amitoses increased. 


The costal cartilage of the 2-yr-old donor show - 
ed high sensitivity to trauma, and rapidly lost its via- 
bility. A smaller portion of the implanted fragments 
in which the perichondrium was partially retained re- 
mained alive. They became overgrown with perichon- 
drium from all sides, but no new cells appeared from 
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them, while the old ones began the process of reverse development. A large portion of the cartilage fragments 
with perichondrium, undergoing major trauma during the maceration of the material, perished. Atthe same time, 
the fragments that were implanted without perichondrium all died, even before the formation of new perichon- 
drium around them. Remnants of the dead implanted cartilage of the donor were retained for a very long time, 
and during the formation of the intercelloidin layers they became overgrown with a dense connective tissue cap- 
sule, like a foreign body. Empty cavities remained at the sides of the dead cells in the non-living cartilage; the 
intercellular substance acquired a pink tone with staining, and developed a fibrous appearance. Projections of 
connective tissue grew out from the capsule into this intercellular substance, and organization of the non-living 
cartilage began which was accomplished at a very slow rate. 


Thus, our data show that cartilage cells from embryos and young animals manifest mitotic activity in cul- 
tures within the organism. 


With cultivation of hyaline cartilage from an embryo or young anima! without the inclusion of perichon- 
drium, new functioning perichondrium arises from the connective tissue of the recipient. At late stages of the im- 
plantation layers of connective tissue containing blood vessels grow deep into the large developing fragments of 
cartilage from the new perichondrium, and improve the nutrition of the cartilaginous tissue. 


Inasmuch as mitotic activity of the cartilage cells and the new formation of perichondrium were observed 
by us in the cartilage implants of both birds and mammals, we are obviously dealing here with general establish- 
ed principles for the regenerative processes of cartilage tissue. 


With aging of the animal the regenerative properties of the cartilage decrease, and its sensitivity to injury 
increases. The cartilage of old animals rapidly undergoes reverse development secondary to traumas and to the 
impaired nutrition of the implant. 


SUMMARY 


Hyaline cartilage of chicken and rabbit ribs was implanted by F. M. Lazarenko's method, As shown, hya- 
line cartilage of embryos and young animals may regenerate after removal of the perichondrium. The cartilage 
cells, becoming activated under the effect of inflammation in the transplant, multiply by mitosis and amitosis. 
New functional perichondrium, formed from the surrounding connective tissue of the recipient, appears around 
the pieces of donor cartilage. At late stages of implantation the cartilage tissue nutrition improves as a result 
of blood vessels growing into the large newly formed pieces of cartilage and perichondrium. The regenerative 
ability of the cartilage is less,the older donor animal, Implanted cartilage obtained from two-year-old animals 
does not grow. 
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CELLULAR ACTIVATION FOLLOWING INJURY OF THE KIDNEYS 


N. F. Semenova 


From the Department of Histology (Head: Prof. I. A. Alov) of the Khabarovsk 
Medical Institute (Director: Prof. S. K. Nechepaev) 

(Presented by Active Member of the Akad. Med. Nauk SSSR N. A. Kraevskii) 
Translated from Byulleten’ Eksperimental ‘noi Biologii i Meditsiny, Vol. 51, No. 4, 
pp. 122-126, April, 1961 

Original article submitted May 28, 1960 


During the reparative regeneration of various organs one notes an increase in the cellular content of RNA and 
DNA, hypertrophy of the cells, and an increase in their multiplication. Cell division, in this case, rises both in 
the organs with high mitotic activities and in the organs where the number of mitoses is minimal or where such 
activity is completely absent. A study of regeneration in the liver and salivary glands has indicated that cellular 
activation during regeneration is related to the action of protein products from tissue breakdown [1-4]. The intro- 
duction of liver and salivary gland extracts caused an increase in the nucleic acid concentration within the cells, 
cellular hypertrophy, and activation of cell division. To a greater or lesser degree this reaction was organ specif - 
ic in character. Histochemical changes and cell growth preceded a wave of mitoses. Activation of the cells by 
the products of tissue breakdown is apparently accomplished through the nucleic acid metabolism of the cell (2, 


3} It could be postulated that cellular activation during the regeneration of other organs was related to the same 
mechanism. 


We undertook experiments in which we studied cellular activation following injury of the kidneys. 
METHOD 


The experiments were carried out on white mice 2,5-3 months of age. In the first series of experiments the 
animals were subjected to unilateral partial extirpation of the kidney; approximately a third to a half of the or- 
gan was removed. Mice from the same litter and kept under the same conditions, but notoperated upon, served 
as the control. The animals were sacrificed at the same time-—3 days after the operation. ‘Histological investi - 
gation was carried out on the regenerating (right) and intact (left) kidneys. In the second series of experiments 
we studied the changes in the kidneys following the introduction of protein extracts from various organs. The or- 
gans were ground up, extracted with a sodium chloride solution for 1.5 hours under refrigeration, and centrifuged. 
The extract (0,5-1% protein) was injected into the white mice intraperitoneally, using 0.2 ml per animal over the 
course of three days. The material was fixed 3 days after the last injection. In the third series of experiments we 
studied the changes in the left kidney after preliminary complete removal of the right kidney. Both the test ani- 
mals and the controls in all series of the experiments were sacrificed at the same time of day — 4 P.M. 


In all the series of experiments we established the mitotic activity in the primary divisions of the kidney, 
the dimensions of the cells and their nuclei, and the cellular concentration of RNA and wher To determine the 
mitotic activity we counted the number of dividing cells in a constant area, set at 1.65 mm’ (in the liver this area 
was 8.55 mm’). At the same time we calculated the phase coefficient (proportion of early phases of division to 
late). The areas of the cells and their nuclei in the cross section were measured by means of a projected drawing 
of the cells and their planimetry. Two hundred cells were measured in each operated or intact kidney examined. 
In each group of animals (test and control) the determinations were performed on the kidneys of 2 mice.* In addi- 


* For purposes of simplification the average of the dimensions in the two animals is presented in tables (400 cells). 
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tion to the mitotic activity and the dimensions of the cells, the cellular concentration of RNA and DNA was es- 
tablished in each experiment. The material was fixed in Helly's solution. RNA was demonstrated by staining 
with methyl green and pyronine; Feulgen's reaction was used for DNA. 


RESULTS 


In the primary divisions of the kidney of white mice only isolated dividing cells were encountered. In a 
number of cases we did not observe any mitoses at all. After partial extirpation of the kidney the mitotic activ- 
ity in the remainder of the organ increased. On the third day following the operation the number of dividing cells 
exceeded the level of mitotic activity in the control animals by 5 times. An increase in the dimensions of the 
cells and their nuclei was observed (Table 1). 


TABLE 1 


Changes in the Mitotic Activity of the Renal Epithelium during Wound Healing and 
following the Administration of an Extract of This Organ 


Number of mitosed Area in p2 (M & m) 


; No. of (M + m) and phas 
Group of animals animals coefficient (k) | cells nuclei 
Control 6 1,1+0,43; « =0,6 | 63,4540,61| 9,99+40,15 
Test: injured kidneys 11 5,540, 23; « =4,05) 80,924+0,77) 12,6640,16 
intact kidney 1] 3,24+0,4;« =2,1 74,1+-0,76 | 11,18+0,16 


P<0,01 | P<0,0001 


P< 0,0001 


Control 10 | 2,840,4;« =1,7 | 74,94+0,9 | 14,1+0,17 
Test: administration of 9 8,541,5; « =3,7 1103,34+1,3 17,9+0,2 
— | P=0,002 P<0,0001 | P<0,0001 

TABLE 2 


The Effect of the Extract of Various Organs on the Mitotic Activity 


| Number of mitoses (M + m) and phase coefficient (k) 


No. of 
G f ani 
aS cs in the kidney in the cornea in the liver 

10 2,840,46; « =1,7) 55,5+8,2; « =0,9 
Test: injection of 

renal extract 10 8,54+1,53; « =3,7) 54,3+-9,6; « =0,9 
Pr | 7 0,57+0,29; « =0,4 — 0 
Test: injection of 

liver extract 7 0,57+0,29; « =0,5 — 2,3+0,3; « =1,8 
Control 6 0,66-+-0,1,« =0,3 | 
Test; injection of 

pancreas extract 6 0,540,2; « =0,5 - - 


Just as in the case of the regenerating salivary gland [4], in the injured kidney the number of small cells 
decreased, the number of large cells increased, and very large cells appeared which were not encountered in the 
control animals. An increase in the dimensions of the cells and their nuclei in the injured kidney were clearly 
shifted to the right (Fig. 1). As in the other organs, the reaction of the kidney to injury was accompanied by ele- 
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vation of the cellular concentration of RNA and DNA. These changes, however, were less impressive than in 
comparable experiments on the salivary glands. 


Number of nuclei 
Jumber of cells 
Number of nuclei 

Number of cells 


~ 


5 WS 20 2 
Area of the nuclei, p? 2 2 


Fig. 1. Distribution curves for the dimensions of the Fig. 2. Distribution curves for the dimensions of the 
cells and their nuclei in the kidney after injury. 1) cells and their nuclei in the kidney after injection of 
Control; 2) intact kidney; 3) injured kidney. extract. 1) Control; 2) after injection of renal extract. 


The “overflow” nature of this reactionsuggests a humoral mechanism for cellular activation during regener - 
ation. Study of the intact kidney showed that with injury of one of the kidneys the same changes occur in the 
second. In the undisturbed kidney we observed an increase in the mitotic activity and in the dimensions of the 
cells and their nuclei, as well as an elevation in the cellular concentration of DNA and RNA (see Table 1). These 


changes were of lesser magnitude than in the injured organ, but were clearly manifested in all the experiments. 
Cellular activation extended not only to the injured organ, but to the intact one as well. 


The experiments on the liver and salivary glands showed that cellular activation during regeneration of 
these organs is connected with the action of the protein products from the tissue breakdown that arises secondary 
to injury. In line with this we carried out a second series of experiments, in which the white mice were inject- 
ed with renal extract. On the third day after injection of the extract a clearly observable increase in the mitotic 
activity was observed in the intact kidneys, and the dimensions of the cells and their nuclei were seen to grow 
larger (Table 2, Fig. 2). An elevation in the intensity of the cellular reaction for RNA and DNA was also observ- 
ed. Injection of the organ extracts thus reproduced the same changes as were observed during wound healing of 
the kidney. The results of these experiments, together with the data obtained earlier, justify postulating that ac- 
tivation of the division and growth of cells during regeneration is related to the action of the protein products 
from the breakdown of injured tissues. The experiments with injection of the extracts from various organs testify 
to the organ specificity of the activating effect attributable to the products of tissue breakdown. While the kid - 
ney extract injections caused a clear increase in the mitotic activity and the dimensions of the cells of that or- 
gan, similar changes were not observed in the kidney following the use of extracts of the liver and pancreas (see 
Table 2). At the same time, injections of kidney extract only elevated the mitotic activity in that organ, and did 
not alter it in the cornea, while liver extract increased the mitotic acitivity in the liver and did not alter it in 
the kidney. 


The action of the products of tissue breakdown were apparently not the only factor in the cellular activation 
during wound healing in the kidney. Under conditions of compensatory hypertrophy of the kidney due to the re- 
moval of the other organ analogous changes were noted in the mitotic activity, the concentration of nucleic acids 
in the cells, and the dimensions of the latter [6, 7]. In connection with this we set up a third series of experiments, 
in which we studied the changes in the kidney following removal of the contralateral kidney without its injury; 
therefore, we excluded the possibility of the action of the tissue breakdown products. The results of the experi- 
ments (Table 3, Fig. 3) showed that in the remaining kidney the mitotic activity rose and the dimensions of the 
cells increased. 
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TABLE 3 


Changes in the Mitotic Activity and Dimensions of the Cells in the Kidney follow- 


ing Complete Removal of the Other Kidney 
Time Area in m 
No. of elapsed | No. of mitoses —— a 


(M 4 m)and 
animals cells 
) 


Group of animals 
nuclei 


74,954+0,56 [11,34+0,14 
5 190,8-+0,9 


Control 
Test: removal of 
ney 


P=0,3 P <0,0001 P<0,0001 


Control : F 8 
Test: removal 8 9 ,4+-0,05; « =3,1197,75+0, 89 14,1+0, 
kidney - = 


| | 1, 75-0, 2: « 320,82 25+0,13 
7 


P<0,001 | P <0,0001 | P <0,0001 


However, these changes ensued later than under 
the conditions of the injured kidney. Three days after 

60 the complete removal of one of the kidneys the mitotic 

activity in the second kidney did not change, and only 

50 hypertrophy of the cells was noted. Only on the seventh 

day in our experiments did we observe a clearly defined 

stimulation of the mitotic activity. Following partial 

90 removal of a kidney, when the action of the tissue break - 

25 down products was retained, the mitotic activity in the 

20 remainder of the injured kidney and in the intact organ 

was already increased by the 3rd day (see Table 1). 


Number of cells 


Number of nuclei 


The results of these experiments therefore show 
that cellular activation during wound healing in the kid- 
ney may be related not only to the action of tissue break - 
down products, but also to the phenomena of compensa - 
tion, which are probably a result of the augmented func - 
tioning of the remaining portion of the organ. The in- 
fluence of this second factor on the activation appears 
at later stages, when the functioning of the injured or- 
gan is restored. The importance of compensatingly ele- 
vated functioning in the process of regeneration is emphasized by data which indicate that a rising functional load 
on the liver accelerates the regeneration of this organ [5]. 


Area of nuclei, py? Area of cells, p? 


Fig. 3. Distribution curves for the dimensions of 
the cells and their nuclei in the kidney after re- 
moval of.one kidney. 1) Control; 2) complete 
removal of one kidney (7-day interval). 


The observations presented support the hypothesis that the appearance of cell divisions and hypertrophy of 
the cells following the removal of a portion of the kidney are connected with activation of the cells by protein prod - 
ucts of tissue breakdown and with compeusatory phenomena in the injured organ. Activation of the cells by the 
tissue breakdown products is organ specific in nature, and is apparently accomplished through the nucleic acid 
metabolism of the cells. The functioning of the organ, compensatingly elevated in the course of a long period 
of time, is apparently a second factor in the cellular activation, its effect appearing at later stages. 


SUMMARY 


On the third day after partial unilateral extirpation of the kidneys, there was a rise of mitotic activity, 
hypertrophy of the cells and their nuclei and a rise of the RNA and DNA content in the cells, Cellular activation 
during healing of the kidney wound occurred not only in the regenerating organ, but also in the intact one on the 
contralateral side. Activation of the cells in wound healing is connected with the action of products of tissue pro- 
tein disintegration. Administration of a renal tissue extract caused a marked increase of mitotic activity, hyper- 
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trophy of the cells and a rise of nucleic acid content. This reaction is organ specific in character. The renal 
extract stimulated the mitotic activity of the kidney alone, whereas hepatic and pancreatic extracts had no effect 


on this activity in the kidney. 


The second factor involved in cellular activation during wound healing was the compensatory increase of 
the organ function. With complete removal of one of the kidneys, an increase of mi.otic activity and cellular 
hypertrophy and a rise of the RNA and DNA content were noted in the intact kidney. The effect of the second 
activation factor was manifested at a later stage, when the function of the injured organ was returning. With 
complete removal of one of the kidneys, a rise of mitotic activity in the intact kidney became manifest only on 


the 7th day after the operation. 
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INTRAARTERIAL 
INFUSION OF 
PROCAINE 


IN THERAPEUTIC 
PRACTICE 


by N. K. Gorbadei 


Translated from Russian 


This English translation of Dr. Gorbadei’s book includes 
as an appendix a report by I. I. Velikanov on treatment of hyper- 
tensive patients with intraarterial procaine infusions. Dr. Veli- 
kanov’s report was first published in the Bulletin of the Academy 
of Sciences of the Kazak SSR. 


Cases of peptic ulcer dating back to the siege of Leningrad 
responded to a series of infusions of procaine into the arteries, 
so that the patients were able to resume their normal activities, 
according to the author, Dr. N. K. Gorbadei who has reported on 
177 cases of peptic ulcer treated at the Leningrad Sanitary- 
Hygiene Medical Institute. 
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| Clinical Features of the Patients Under Investigation; Influence on 
Subjective Symptoms; Roentgenological Findings During Treatment; 
Acid-secreting Function of the Stomach During Treatment; Changes 
in the Blood Picture; Changes in the Zones of Cutaneous Sensation; 
State of the Cardiovascular System (Electrocardiography and 
Plethysmography) During Treatment. | 
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". . .a storehouse of 
factual references" 


THIS VALUABLE COLLECTION of translations 
not only gives researchers a more intimate in- 
sight into the thinking, methodology, and trends 
of the Soviet medicinal and pharmaceutical chem- 
ists, but it also reports significant contemporary 
advances in pharmaceutical research. 


These 109 selected papers from the 1956 issues 
of Journal of Applied Chemistry, Bulletin of the 
Academy of Sciences-Division of Chemical Sci- 
ences, Journal of Analytical Chemistry, Colloid 
Journal, and Journal of General Chemistry will 
be a valuable addition to all medical and phar- 
maceutical libraries and should be accessible to 
all researchers in the field. Sections may be pur- 
chased separately as follows: 


"At a time when the Western World eyes the 
achievements of science in the U.S.S.R. with a 
mixture of admiration and apprehension, it is 
gratifying to be able to read the English translation 
of hundreds of Russian articles in the fields of 
Pharmaceutical Chemistry (Vol. 1), Pharmacognosy 
(Vol. 2), and Medicinal Chemistry (Vol.3)... In 
the application of quantitative physical measure- 
ments to problems of pharmacy, the careful re- 
cording of data and their evaluation can be termed 
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excellent. American pharmaceutical investigators 
will have much to learn from these researches 
(Vol. 1)... Libraries of departments of medicine, 
chemistry, and pharmacy in universities and the 
pharmaceutical industry will find it essential to 
acquire the books, and for some specialists the 
pertinent volumes may become a storehouse of 
factual references."—Alfred Burger in Journal 
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